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ABSTRACT 
SUSAN WALLACE HAWS: A Multilevel Study of Schools’ Influences on Adolescent 
Substance Use 
(Under the direction of Susan T. Ennett)  
Empirical research suggests that school contexts have significant effects on 
adolescent substance use. The Theory of Health Promoting Schools (HPS), developed 
in the United Kingdom, explains the influence of school contextual factors on substance 
use. Two constructs, school value-added and school ethos, have been used in recent 
European studies to indicate the health promoting quality of schools as it relates to 
adolescent substance use. I applied the Theory of HPS to a U.S. context and examined 
relationships between indicators of school value-added and school ethos and student 
smoking, drinking, heavy drinking, and marijuana use. Data come from Waves 1 and 2 
of the National Longitudinal Study of Adolescent Health (Add Health) conducted with 
students in grades 7-12 (N=12,915 students, 127 schools). 
I derived and assessed the validity of two new measures of school context 
suggested by the Theory of HPS. School-value-added had two dimensions— school 
achievement added and school truancy added. School ethos had three dimensions— 
school disconnectedness, school academic trouble, and institutional disengagement. 
There was adequate support for construct validity to continue with modeling. 
I estimated a series of hierarchical generalized linear models. Pseudo intraclass 
correlation coefficients (ICCs) ranged from 0.06 to 0.12 for the four outcomes. As 
hypothesized, increases in school disconnectedness were associated with increased 
odds of student engagement in heavy drinking and marijuana use. Against expectations, 
increases in school truancy added were associated with decreased odds of student 
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smoking and drinking, and increases in institutional disengagement were associated with 
decreased odds of student smoking, drinking, and heavy drinking. Also, increases in 
school academic trouble were associated with decreased odds of student heavy drinking 
and marijuana use. Cross-level interactions between the school-level variables and their 
individual analogs were mostly non-significant. In stratified analyses, ICCs for substance 
use outcomes were higher among high schools than among middle schools, except for 
smoking.  
The findings suggest that additional work is needed to develop more valid and 
reliable measures of the health promoting qualities of schools. However, the patterns of 
association also suggest that underlying theoretical assumptions about the influence of 
the school context should be reconsidered.  
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 Introduction 
As the cause of one in four U.S. deaths, substance abuse remains a pervasive 
public health threat in our country (Robert Wood Johnson Foundation, 2001). 
Historically, substance use etiological and intervention research has focused on 
adolescence because substance use often begins in adolescence and because 
preventing or even delaying initiation of substance use has substantial health benefits 
(Crews, He, & Hodge, 2007; National Institute on Drug Abuse, 2007; Robert Wood 
Johnson Foundation, 2001). Based on several decades of research, many individual, 
peer, family, and community risk and protective factors for adolescent substance use 
have been established (Hawkins, Catalano, Kosterman, Abbott, & Hill, 1999; Hawkins, 
Catalano, & Miller, 1992; National Institute on Drug Abuse, 2007). However, despite the 
school’s primary role in adolescents’ lives, the common use of schools as a setting for 
prevention programs, and evidence of associations of individual-level and school-related 
variables with substance use, there has been little research on the influence of school 
context on adolescent substance use (S. T. Ennett & Haws, 2010; Hallfors & Godette, 
2002). 
Findings of the limited research on school influences suggest that gaining greater 
understanding of how school contexts influence adolescent substance use should be a 
prevention priority. Studies assessing school effects have consistently found between-
school differences in substance use prevalence and significant intraclass correlation 
coefficients (ICCs), indicating that schools account for a significant portion of the 
variance in adolescent substance use, above and beyond what can be explained by 
individual student characteristics (Aveyard, Markham, & Cheng, 2004; S. T. Ennett, 
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Flewelling, Lindrooth, & Norton, 1997; P. M. O'Malley, Johnston, Bachman, 
Schulenberg, & Kumar, 2006; Roski, et al., 1997). The next step is to learn what about 
schools accounts for these differences. The purpose of the current study was to apply 
the Theory of Health Promoting Schools (HPS), developed by researchers in Great 
Britain and described below, to analysis of school effects on adolescent substance use 
in the U.S. 
Markham and Aveyard’s Theory of HPS proposes the processes through which 
school contextual factors and individual factors interact to affect substance use. The 
theory describes the role of schools in promoting the individual’s capacity for living a 
healthful life and outlines the characteristics of schools, with respect to their 
organizational and teaching practices, that can enhance or inhibit students’ commitment 
to the health promoting mission of the school (W. A. Markham & Aveyard, 2003). Two 
constructs related to this theoretical framework, school value-added and school ethos, 
have been used in multilevel studies in Western Europe to examine school-level 
influences on substance use above and beyond what is explained by student-level 
differences (W. A. Markham, et al., 2008; W.A. Markham, Young, Sweeting, West, & 
Aveyard, 2012; West, Sweeting, & Leyland, 2004). Although it is not explicitly stated by 
the authors, the school context is most plausibly viewed as a moderator of the 
relationship between individual level predictors and substance use, a perspective which 
parallels other ecological views of social context as a moderator along the causal 
pathway between adolescent risk and protective factors and behavioral outcomes 
(Bronfenbrenner, 1977, 1979; Darling & Steinberg, 1993; Maddox & Prinz, 2003; W. A. 
Markham & Aveyard, 2003).  
The current study was guided by the new Theory of HPS. It involved 
development of similar measures using U.S. data, although each main construct was 
found to be multidimensional. The study examined direct effects of the dimensions of 
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school value-added (school achievement added and school truancy added) and school 
ethos (school disconnectedness, school academic trouble, and school institutional 
disengagement) on student substance use as well as how these school-level variables 
moderated relationships between school-related individual-level variables and substance 
use. The analyses controlled for variables that could confound relationships between 
school-related variables and substance use while not over-controlling for variables 
potentially causally related to school context (Aveyard, et al., 2004).  
The study had four specific aims: 
Aim 1: To develop measures of school context suggested by the Theory of HPS and 
hypothesized to influence development of adolescent substance use: “school-
value-added,” derived from measures of student academic achievement and 
truancy, and “school ethos,” derived from student-reported measures of the 
school climate. 
Aim 2: To conduct longitudinal multilevel analyses to (a) examine the extent to which 
there is variation between schools in student-reported substance use (i.e., 
alcohol, tobacco, and marijuana use assessed separately), and (b) to test the 
independent effects of school value-added predictors and school ethos predictors 
on individual substance use, modeled both separately and together, controlling 
for the effects of the student-level analogs of these school contextual measures-- 
school performance and perceived school climate --, as well as prior substance 
use and demographic, parental, and school background measures (e.g. sex, 
parental substance use, school type). 
Aim 3: To test the extent to which school value-added predictors and school ethos 
predictors moderate the relationships between the student-level analogs of each 
variable and substance use, controlling for prior substance use and 
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demographic, parental, and school background measures (e.g. sex, parental 
substance use, school type). 
Aim 4: To examine the extent to which the independent and interactive effects of school 
value-added predictors and school ethos predictors on substance use vary 
according to school level by conducting stratified analyses among middle and 
high schools.  
 
A conceptual model of the study is presented below. Figure 1 represents the 
multilevel analyses in which the cross-level interactions of student- and school-level 
predictors were tested (Aim 3). The models used in Aim 2 simply tested independent 
effects of student and school-level predictors on substance use. Aim 4 involved using 
the model depicted in Figure 1, but via stratified analyses, to examine the relationships 
of the given variables at the middle school versus the high school level. Table 1 provides 
an abbreviated guide to the variables of interest, which are fully described in the 
Measures section. 
Extending directly from the study aims, the hypotheses tested were as follows: 
Aim 1, Hypothesis 1a: Achievement added (school value-added) will be negatively 
associated with school prevalence of substance use. (predictive validity) 
Aim 1, Hypothesis 1b: Truancy added (school value-added) will be positively 
associated with school prevalence of substance use. (predictive validity) 
Aim 1, Hypothesis 2a: School disconnectedness (school ethos) will be positively 
associated with school prevalence of substance use. (predictive validity) 
Aim 1, Hypothesis 2b: School academic trouble (school ethos) will be positively 
associated with school prevalence of substance use. (predictive validity) 
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Aim 1, Hypothesis 2c: School institutional disengagement (school ethos) will be 
positively associated with school prevalence of substance use. (predictive 
validity) 
Aim 1, Hypothesis 3: School value-added dimensions (achievement added and truancy 
added) will be strongly correlated with school ethos dimensions (school 
disconnectedness, school academic trouble, and school institutional 
disengagement). (convergent validity) 
Aim 1, Hypothesis 4a: School achievement added (school value-added) will be weakly 
correlated or uncorrelated with mean school achievement. (discriminant validity)  
Aim 1, Hypothesis 4b: School truancy added (school value-added) will be weakly 
correlated or uncorrelated with mean school truancy. (discriminant validity) 
Aim 2a, Hypothesis 1: Schools will vary significantly in prevalence of smoking, drinking 
alcohol, engaging in heavy drinking and using marijuana in the past year.  
Aim 2b, Hypothesis 1a: As school achievement added (school value-added) increases, 
likelihood of individual student substance use in the past year will decrease, 
controlling for the effects of individual school performance, student background 
characteristics not influenced by school, and school level and type.  
Aim 2b, Hypothesis 1b: As school truancy added (school value-added) increases, 
likelihood of individual student substance use in the past year will increase, 
controlling for the effects of individual school performance, student background 
characteristics not influenced by school, and school level and type.  
Aim 2b, Hypothesis 2a: As school disconnectedness (school ethos) increases, 
likelihood of individual student substance use in the past year will increase, 
controlling for the effects of individual school performance, student background 
characteristics not influenced by school, and school level and type.  
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Aim 2b, Hypothesis 2b: As school academic trouble (school ethos) increases, 
likelihood of individual student substance use in the past year will increase, 
controlling for the effects of individual school performance, student background 
characteristics not influenced by school, and school level and type.  
Aim 2b, Hypothesis 2c: As school institutional disengagement (school ethos) 
increases, likelihood of individual student substance use in the past year will 
increase, controlling for the effects of individual school performance, student 
background characteristics not influenced by school, and school level and type.  
Aim 3, Hypothesis 1a: School achievement added (school value-added) will moderate 
the negative relationship between student’s academic performance and 
likelihood of past year substance use such that higher achievement added will 
weaken the relationship while lower achievement added will strengthen the 
relationship.  
Aim 3, Hypothesis 1b: School truancy added (school value-added) will moderate the 
positive relationship between student’s own truancy and likelihood of past year 
substance use such that higher truancy added will strengthen the relationship 
while lower truancy added will weaken the relationship. 
Aim 3, Hypothesis 2a: School disconnectedness (school ethos) will moderate the 
positive relationship between student disconnectedness and likelihood of past 
year substance use such that higher school disconnectedness will strengthen the 
relationship while lower school disconnectedness will weaken the relationship. 
Aim 3, Hypothesis 2b: School academic trouble (school ethos) will moderate the 
positive relationship between student academic trouble and likelihood of past 
year substance use such that higher school academic trouble will strengthen the 
relationship while lower school academic trouble will weaken the relationship. 
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Aim 4, Hypothesis 1: The hypothesized relationships between school value-added 
dimensions (school achievement added and school truancy added) and student 
substance use and school ethos dimensions (school disconnectedness, school 
academic trouble, and school institutional disengagement) and student 
substance use (outlined in Aim 2, Hypotheses 1a-2c; and Aim 3, Hypotheses 1a-
2b) will vary by school level, such that the influence of each school level variable 
on student substance use will be greater for middle school youth than for high 
school youth.  
 
An emerging consensus on appropriate research design and analytical 
techniques for examining schools’ influences on substance use enable the current study 
to overcome some previous shortcomings in the school effects research (Aveyard, 
Markham, & Cheng, 2004; S. T. Ennett & Haws, 2010; Henderson, Butcher, Wight, 
Williamson, & Raab, 2008; West, et al., 2004). As suggested, the study is theory-driven 
and tests specific hypotheses. It is longitudinal (2 data points) and uses data from a 
large nationally representative sample of U.S. middle and high schools, the National 
Longitudinal Study of Adolescent Health (Add Health), resulting in adequate sample size 
for testing the proposed hypotheses. Multilevel analyses with appropriate control 
variables are used to partition within-school and between-school variance and examine 
the influence of both individual and school-level predictors on student substance use. 
The current study addresses critical gaps in substance abuse prevention 
research. In its current strategic plan, the National Institute on Drug Abuse (NIDA) has 
identified prevention as an ongoing priority, and has specifically called for increased 
focus on how environmental factors influence known risk and protective factors for 
substance abuse. The plan also calls for more attention to development of standard 
measurements of environmental variables. Given the dearth of research on school 
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contextual influences and the lack of strong theoretically-derived variables and 
measures, the current study contributes to fulfillment of NIDA’s strategic vision(National 
Institute on Drug Abuse, 2007).  
  
  
Background and Significance 
The case for research on adolescent substance use 
Adolescent substance use, including drinking alcohol, smoking cigarettes, and 
using marijuana, carries severe consequences. Alcohol use and cigarette smoking are 
major causes of preventable deaths in the United States. Heavy and/or chronic use of all 
three substances is linked to a vast array of mental health problems, impaired judgment 
and cognitive function, and chronic disease, resulting in substantial losses in productivity 
and high monetary costs to society (Arata, Stafford, & Tims, 2003; DHHS, January 2007; 
T. R. Miller, Levy, Spicer, & Taylor, 2006; National Institute on Drug Abuse, 2005, 2006; 
Perry, et al., 2002; Robert Wood Johnson Foundation, 2001).  
Despite the many negative outcomes, substance use remains prevalent among 
American adolescents (Brook, Kessler, & Cohen, 1999; Jackson, Henrikson, Dickinson, 
& Levine, 1997; Kosterman, Hawkins, Guo, Catalano, & Abbott, 2000). Research 
suggests that the earlier substance use begins, the greater the likelihood of continued 
use and poor health outcomes (Johnston, 2007). Due to biological changes in hormones 
and brain functioning during adolescence, adolescents are both more prone to 
experiment with substance use and more vulnerable to its short- and long-term effects 
than are adults (Crews, et al., 2007; National Institute on Drug Abuse, 2007).  
While development of drinking, smoking, and marijuana use are known to differ 
etiologically to some extent, they also have been shown to share many common 
determinants (Chen & Kandel, 1995; Hawkins, et al., 1992; Kosterman, et al., 2000). The 
current literature on school effects suggests that schools may have a greater impact on 
cigarette smoking than alcohol or marijuana use (S. T. Ennett & Haws, 2010). However, 
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given the dearth of research on this topic and the efficiencies in examining all three 
outcomes within the scope of the current study, I examined school effects on cigarette 
smoking, alcohol use, heavy drinking, and marijuana use, the most common substance 
use behaviors among adolescents.  
The case for investigating the school-level influence on substance use. 
American adolescents spend at least a third of their waking hours at school, 
meaning that schools are a major component of adolescents’ social environment. 
Historically, schools have been a primary setting for prevention research, particularly 
development and evaluation of substance use prevention education interventions 
(Hallfors & Godette, 2002; Ringwalt, et al., 2001; US Department of Education, 2000). A 
body of research also has explored the influences of individuals’ school experiences, 
such as low academic achievement, truancy, and behavior problems in school, on their 
development of substance use (Bryant, Schulenberg, O'Malley, Bachman, & Johnston, 
2003; Hawkins, et al., 1992; Petraitis, Flay, & Miller, 1995; Pitkanen, Kokko, Lyyra, & 
Pulkkinen, 2008). However, there has been little research aimed at understanding the 
influence of the school as a social and institutional setting (S. T. Ennett & Haws, 2010). 
Results of empirical research over the past three decades suggest that schools 
play an important and little-understood role in the development of substance use 
(Aveyard, Markham, & Cheng, 2004; S. T. Ennett & Haws, 2010). In recent years, 
increasingly sophisticated regression methods and multilevel modeling techniques have 
enabled researchers to examine the variance in substance use both within and between 
schools. The most commonly reported indicator of within- and between-school variance 
is the intraclass correlation coefficient (ICC).  The ICC statistic ranges from 0 to 1 and 
conveys the similarity among members of a group on a particular outcome, or 
alternatively, the portion of variance that can be attributed to group-level differences 
(Cohen, Cohen, West, & Aiken, 2003; S. T. Ennett & Haws, 2010).  
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Importantly, numerous studies of adolescent alcohol, tobacco and other drug use 
(Aveyard, Markham, & Cheng, 2004; Aveyard, Markham, Lancashire, et al., 2004; S. T. 
Ennett, et al., 1997; P. M. O'Malley, et al., 2006) have reported statistically significant 
differences in school prevalence of substance use, with ICCs commonly ranging from 
about .02 to .07, and sometimes reaching .10 and above (Bisset, Markham, & Aveyard, 
2007; Sellstrom & Bremberg, 2006). While this may seem like a small contribution 
towards explaining the variance in substance use, West et al. (2004) showed that the 
magnitude of school effects on alcohol, cigarette, and marijuana use was comparable to 
or greater than the effects of prior use of each substance, often considered one of the 
strongest predictors of current use.  
Collectively, the prior research examining school differences in substance use 
suggests that students within schools have common experiences that influence their 
participation in substance use behaviors, and that these experiences vary across 
schools. The current study builds on this research by examining the independent (Aim 2) 
and moderating (Aim 3) effects of schools on individual substance use, using a large, 
nationally representative, longitudinal data set.  
The theoretical explanation of the role of schools 
The majority of research that has explored associations between school-level 
factors and substance use has not been theory-based (Aveyard, Markham, & Cheng, 
2004; Battistich & Hom, 1997; Sellstrom & Bremberg, 2006). However, a foundation 
exists for developing a theoretical understanding of the role of school context. Theories 
grounded in the social ecological framework suggest that adolescent substance use is 
directly influenced and conditioned by factors related to schools, in addition to factors 
related to family, peers, and neighborhoods (S. T. Ennett & Haws, 2010; Petraitis, et al., 
1995). Building on this framework, some theories have considered school influences on 
substance use (e.g. Elliott’s Integrated Theory, the Social Development Model, Primary 
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Socialization Theory) and have been applied to understand school-related risk factors at 
the individual level (S. T. Ennett & Haws, 2010). These theories, however, have 
suggested indirect effects of school contextual factors on substance use, and they have 
largely failed to consider how both the social and institutional characteristics of schools 
may affect substance use. Further, they have not explicitly described how school and 
individual-level factors may jointly influence substance use (S. T. Ennett & Haws, 2010). 
Recently developed in Britain, the Theory of Health Promoting Schools (HPS) 
may advance our understanding of the social and institutional aspects of schools’ 
influence and the joint effects of school and individual factors on substance use. The 
Theory of HPS describes the role of schools in promoting the individual’s capacity for 
living a healthful life and also lays out the characteristics of schools, with respect to their 
organizational and teaching practices, that lead to students’ commitment to the health 
promoting mission of the school (W. A. Markham & Aveyard, 2003). The term “health 
promoting school” arises from the World Health Organization’s Global School Health 
Initiative, which defines a health promoting school as “a school constantly strengthening 
its capacity as a healthy setting for living, learning, and working,” and states that health 
promoting schools focus on instilling in students capacities for health-promotive 
decisions, caring for self and others, and knowledge, attitudes, beliefs, skills, and values 
conducive to health (World Health Organization, 2009). Recent work by Markham, 
Aveyard, and colleagues has applied the Theory of HPS to examine school influences 
on student substance use (Aveyard et al., 2005; Aveyard, Markham, Lancashire et al., 
2004; Bisset et al., 2007; W. A. Markham et al., 2008; W.A. Markham et al., 2012). The 
development of measures and testing of models in the current study is guided by the 
Theory of HPS, as applied by Markham, Aveyard, and colleagues in Britain, as well as 
recent research conducted in Scotland that builds on similar concepts (West et al., 2004) 
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The Theory of HPS posits that schools aim to convey two types of learning: 
instructional (academic knowledge and skills) and regulatory (appropriate behavioral 
conduct and values). According to the theory, students’ responses to the school’s efforts 
depend on their personal constitution, their socio-demographic characteristics, and the 
culture of the school, demonstrated by the methods the school uses to provide learning 
opportunities. When students accept and successfully meet the instructional and 
regulatory demands of the school, they are referred to as “committed;” students who are 
not accepting of and/or not able to meet the demands become “alienated,” “detached,” 
or “estranged” from the school. Committed students are in the best position to use the 
school’s learning opportunities to acquire capacities needed for positive long-term 
functioning and health. The authors suggest that students from middle class 
backgrounds are more likely to be committed than those from working and lower class 
backgrounds. However, according to the theory, students who are not committed in one 
school could be committed in another. The theory suggests that schools can influence 
the proportion of students that become committed by facilitating more open student-
teacher and student-peer relationships, by reducing barriers between subject areas, and 
by giving students more control over what and how they learn. These strategies increase 
“cultural congruence” between the school and the wider community, and thus increase 
students’ buy-in to the school’s values (Aveyard, Markham, Lancashire et al., 2004; W. 
A. Markham & Aveyard, 2003). 
In applying the theory to adolescent substance abuse research in Britain, 
Markham, Aveyard, and colleagues derived the “school value-added status” construct 
and examined the relationships between value-added status and both school prevalence 
and individual substance use (Aveyard et al., 2005; Aveyard, Markham, Lancashire et 
al., 2004; Bisset et al., 2007; W. A. Markham & Aveyard, 2003; W. A. Markham et al., 
2008). A value-added or “authoritative” school is one that provides higher quality support 
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for learning and control of behavior using appropriate rules and methods than those 
schools that either provide too much (authoritarian) or too little (laissez-faire) support 
and control. The authors posit that value-added schools will have better instructional and 
behavioral outcomes than would be expected based on the schools’ socio-demographic 
profile, while schools that are not value-added will have expected or below-expected 
outcomes. Further, because of the higher prevalence of commitment among students to 
the school’s values, value-added schools will also have lower levels of substance use 
(Aveyard, Markham, Lancashire et al., 2004; W. A. Markham & Aveyard, 2003). 
Conversely, otherwise-committed students will reject the school’s values if the support 
and control provided do not meet their expectations, leading to lower than expected 
achievement and greater likelihood of substance use. Thus, the theory suggests that 
school-level value-added status will moderate the relationship between individual-level 
school commitment and substance use. 
In separate research based in Scotland, West et al. (2004) applied the HPS 
concept in developing and testing the significance of “school ethos” as a school-level 
predictor of substance use. According to West et al. (2004), the term “school ethos” 
emerged from work begun in the 1970s by Rutter (2002), and has continued to evolve 
through research that has examined school effects on academic, social, and to a more 
limited degree, health outcomes. School ethos reflects students’ collective judgments on 
school environment, student involvement, student engagement, and quality of 
teacher/student relationships. Thus, in contrast to the value-added status construct 
described above, school ethos is a more direct, albeit more subjective, measure of the 
school’s instructional and regulatory climate, as it is derived from student perceptions. 
However, since it is operationalized as a school-level variable, consisting of school 
averages on each of the four dimensions, that are then averaged together to yield a 
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school ethos score, the authors suggest that it reflects objective characteristics of the 
school more than individual perceptions (West et al., 2004). 
Noting the consistency between their theory, their own empirical findings, and the 
findings of West et al. on school ethos, Markham et al. (2008) have suggested that the 
value-added construct may capture indirectly what school ethos captures directly- that 
schools characterized by higher identification and engagement promote higher 
engagement of individual students, making them less likely to develop substance use 
behaviors. However, in a joint paper that was just published, the two sets of authors did 
not find school value-added and school ethos to be equivalent (W.A. Markham et al., 
2012). By examining school value-added and school ethos modeled both separately and 
together as predictors of substance use in Aim 2, I assess the extent to which the two 
constructs are similar in a nationally representative U.S. data set, and conversely the 
extent to which each uniquely contributes to adolescent substance use.  
Empirical support for school value-added constructs 
The school value-added construct proposed by Aveyard et al. (2004) is derived 
by regressing school achievement and school truancy on a set of school socio-
demographic factors, shown in empirical research to be strongly associated with these 
school outcomes. Next, residuals, or observed minus predicted scores, are used to 
quantify the value added to achievement and truancy by the school. Aveyard et al. 
(2004) assume that the residuals generated from these school level regression analyses 
tap into the school’s culture, or its health promoting characteristics. There is ample 
empirical support for the links between socio-demographic factors and school 
achievement and truancy.  
Socio-demographic factors are the strongest predictors of individual school 
performance, including both academic success/failure and truancy (a precursor to 
dropout) (Aveyard, Markham, Lancashire et al., 2004; Jimerson, Egeland, Sroufe, & 
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Carlson, 2000; P.A. McDermott & Schaefer, 1996; Rumberger & Palardy, 2005). 
Likewise, school composition, or the composite of student socio-demographic factors 
represented in a school, constitutes the strongest collective predictor of school-level 
performance (Rumberger & Palardy, 2005; Rutter & Maughan, 2002). Specifically, 
student socio-economic status (SES) (Conger, Conger, & Elder, 1997; Jimerson et al., 
2000; Rumberger & Palardy, 2005), family transience (Catterall, 1998; Felner, Ginter, & 
Primevera, 1982; Rumberger & Larson, 1998; Rumberger & Palardy, 2005; Swanson & 
Schneider, 1999), family composition, ethnicity (Jimerson et al., 2000; Paul A. 
McDermott, 1995; P.A. McDermott & Schaefer, 1996; Rumberger & Palardy, 2005), and 
home language (other than English) (Steinberg, Blinde, & Chan, 1984; Yu, Huang, 
Schwalberg, Overpeck, & Kogan, 2003) as well as school-level mean socio-economic 
status, family transience, family status, and students’ neighborhood poverty (Jimerson et 
al., 2000; Marsh, 1991; Rumberger & Palardy, 2005; Sellstrom & Bremberg, 2006) have 
been shown to have significant effects on achievement growth and dropout. In addition, 
certain aspects of parenting have been linked to school achievement and dropout, 
including parental involvement in school (Jimerson et al., 2000; Stevenson & Baker, 
1987) and parental monitoring of school work (Brown, Mounts, Lamborn, & Steinberg, 
1993; Crouter, MacDermid, McHale, & Perry-Jenkins, 1990; Jimerson, et al., 2000).  
Based on this evidence and the model provided by Aveyard et al. (2004), I use 
mean SES (indicated by highest level of parent education), student transience, 
neighborhood poverty, percent non-traditional family, percent black and Hispanic 
race/ethnicity, and percent non-English speaking households to predict expected school 
achievement and truancy in the development of the school value-added constructs. 
Further, because of the relationships between these socio-demographic variables and 
school outcomes, as well as their relationships with substance use, relevant sets of them 
are used as control variables in the Aim 2, 3, and 4 models (Figure 1). 
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Empirical support for individual and school level predictors 
In Aim 2, I propose examining the extent to which dimensions of school value-
added and school ethos and, as well as their individual-level analogs-- school 
performance (including both academic and behavioral performance) and perceived 
school climate (including social and academic aspects) -- influence substance use.  In 
Aim 3, I propose examining a cross-level interaction between school and individual level 
predictors. There is substantial evidence to support these relationships at the individual 
level, and there is consistency in findings at the school level, despite a smaller body of 
evidence.  
School performance, school value-added, and substance use. 
In their 1992 review of risk and protective factors, Hawkins, Catalano, and Miller 
cited multiple studies showing that academic failure was associated with substance use.  
In a longitudinal study of U.S. secondary schools, Bryant et al. (2000) found that school 
misbehavior and low academic achievement were key risk factors for increased cigarette 
smoking in adolescence. In a later longitudinal study, Bryant et al. (2003) found that the 
positive association between school misbehavior (including truancy) and alcohol, 
cigarette, and marijuana use strengthened from age 14 to age 20.  In a multilevel study 
in Belgium, Maes and Lievens (2003) found that truancy and repeating one or more 
grades were associated with increased odds of smoking and drinking alcohol among 
elementary students.  In a long-term longitudinal study of 347 Finnish participants, low 
school success and truancy in adolescence were positively associated with alcohol 
problems as late as age 42 (Pitkanen, et al., 2008), demonstrating the enduring effects 
of these predictors.   
Guided by their Theory of HPS, described previously, Markham, Aveyard and 
colleagues have conducted two cross-sectional and one longitudinal study to examine 
the relationship between the schools’ value-added status and the schools’ prevalence of 
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smoking, drinking, and marijuana use (Aveyard, Markham, Lancashire, et al., 2004; 
Bisset, et al., 2007; W. A. Markham, et al., 2008). They tested and found support for two 
hypotheses: 1) the proportion of committed students, as indicated by raw school 
achievement and truancy rates, will not be associated with substance use; and 2) value-
added schools will have lower levels of substance use than non value-added schools.  In 
all three studies, significant ICCs were found for school substance use, and high value-
added status was associated with lower odds of student smoking, alcohol initiation, 
heavy alcohol consumption, and illicit drug use (includes marijuana), after controlling for 
student demographics (Aveyard, Markham, Lancashire, et al., 2004; Bisset, et al., 2007; 
W. A. Markham, et al., 2008). 
In the first U.S. application of the Theory of HPS, Tobler et al. (2011) found that 
school value-added, constructed using methods similar to those of Markham et al. 
(2008), was associated with lower odds of alcohol, cigarettes, marijuana use, stealing, 
and fighting, among a sample of inner-city Chicago middle school students.  
School climate, school ethos, and substance use. 
Both individual and multilevel studies have explored dimensions of school climate 
and their associations with substance use. While a variety of constructs have been 
developed and tested, the underlying premise is that students who bond well to school 
are less likely to engage in substance use than students who do not bond well and that 
there are characteristics of both students and schools that promote such bonding (C. S. 
Anderson, 1982; S. T. Ennett & Haws, 2010; Libbey, 2004; Maddox & Prinz, 2003). The 
evidence presented here provides support for examining the influence of perceived 
school climate (individual level) and school ethos (school level) on student substance 
use. Resnick et al. (1997) reported that school connectedness was significantly 
negatively associated with alcohol, cigarette, and marijuana use among middle and high 
school students. Using individual level path analysis, Loukas et al. (2006) showed that 
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school connectedness mediated the relationships between perceived cohesion, 
perceived friction, and overall satisfaction with classes and student conduct problems. 
Bryant et al. (2003) showed that school bonding, school interest, school effort, academic 
achievement, and parent help with school were negatively associated with substance 
use at age 14 and continued to be negatively associated over time through age 20. 
Catalano et al. (2004) showed that low bonding to school was longitudinally associated 
with increased odds of drinking, smoking, and marijuana use. And in their 
comprehensive review of risk and protective factors, Hawkins et al. (1992) identified 
multiple studies that showed an association between low commitment to school and 
substance use.   
In their 2004 longitudinal multilevel study involving over 2000 students in 43 West 
Scotland secondary schools, West et al. found that poor school environment perceived 
by students at time 1 was associated with increased odds of drinking at time 1; low 
student engagement and low density of teacher-student relationships at time 1 were 
associated with increased odds of smoking, drinking, and drug use at times 1 and 2 after 
controlling for prior behavior, student socio-demographic characteristics, religion, family 
characteristics, student income, and parent substance use. In the final models, positive 
school ethos, the school contextual variable composed of mean environment, 
involvement, engagement, and teacher-student relationships, was negatively associated 
with student drinking (among 13, but not 15 year olds), smoking, and drug use, after 
controlling for individual perceptions of school climate (West, et al., 2004).  
Henderson et al. (2008) extended the previous research of West et al. and 
Markham et al. by “adjusting for pupil and teacher-perceived quality of relationships and 
the extent to which the school was judged to focus on caring and inclusiveness” (by 
outside observers). Among a longitudinal panel of middle and high school students from 
24 Scottish schools, they found significant differences in school smoking rates for both 
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males and females, after controlling for a wide range of individual socio-economic and 
cultural factors. The most powerful variables in explaining the school effects were quality 
of teacher-student relationships and attitude toward school. Also, schools rated as caring 
and inclusive by qualitative researchers had lower rates of smoking among males and 
females. 
In a multilevel study involving elementary school students in Belgium, Maes and 
Lievens (2003) found that poor attitudes toward school and poor relationships with 
teachers were associated with increased odds of smoking and drinking alcohol, while 
schools characterized by clear and fair rules were associated with decreased odds of 
both outcomes. Battistich and Hom (1997) found that within U.S. elementary schools 
(grades 5 and 6), students’ sense of the school as a community was inversely related to 
student drug use (smoking, drinking, and marijuana use). Across schools, average 
sense of the school as a community was associated with lower school levels of drug 
use. In a multilevel 2-year longitudinal study of students from 32 U.S. middle schools, 
Henry and Slater (2007) found that positive school attachment reduced students’ odds of 
recent alcohol use, as well as intentions and attitudes favorable towards alcohol use. 
Likewise, there were significant school-level effects of positive school attachment, such 
that regardless of students’ own attachment to school, students in schools with high 
mean levels of attachment were less likely to drink than students in schools with low 
mean levels of attachment.  Collectively, prior research suggests effects of both 
individual-level measures of school climate and school-level measures of school ethos 
on adolescent substance use. 
Empirical support for control variables 
Controlling for student-level and school compositional factors that may affect 
both the independent and the dependent variables is essential to address concerns 
about confounding in the analyses. As Aveyard et al. (2004)(2004) point out, control 
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variables should not include those that are likely influenced by school culture, for 
example, peer substance use, as this constitutes over-control. The control variables 
used in the models (Figure 1) are based on demonstrated and/or plausible associations, 
some of which have been discussed previously, between socio-demographic and parent 
factors with the independent variables (student academic achievement, student truancy, 
school achievement and truancy added, student disconnectedness, student academic 
trouble, school disconnectedness, school academic trouble and school institutional 
disengagement) and with substance use outcomes.  
At the individual level, age, sex, ethnicity, family socio-economic status, and 
family structure or composition have been linked with initiation and use of alcohol, 
cigarettes, and marijuana (Brook, et al., 1999; Conrad, Flay, & Hill, 1992; Fleming, Kim, 
Harachi, & Catalano, 2002; Henderson, Ecob, et al., 2008; Hill, Hawkins, Catalano, 
Abbott, & Guo, 2005; Kosterman, et al., 2000; Peterson, Hawkins, Abbott, & Catalano, 
1994). Parental monitoring (Henderson, Ecob, et al., 2008; Hill, et al., 2005), attachment 
or connectedness to parents (Brook, et al., 1999; Fleming, et al., 2002; Hawkins, et al., 
1992; Resnick et al., 1997; West, et al., 2004), parent involvement in school (Aveyard, 
Markham, & Cheng, 2004; Fleming, et al., 2002), and parent use of the given substance 
(Brook, et al., 1999; Fleming, et al., 2002; Hawkins, et al., 1992; Hill, et al., 2005; Maes 
& Lievens, 2003; Peterson, et al., 1994; West, et al., 2004) are also frequently 
associated with substance use.  
The studies by Aveyard, Markham, and colleagues (Aveyard, et al., 2005; 
Aveyard, Markham, Lancashire, et al., 2004; Bisset, et al., 2007; W. A. Markham, et al., 
2008) and West and colleagues (2004), on which the current study builds, devote 
substantial attention to the issue of appropriate control variables. Both sets of authors 
suggest controlling for socio-demographic factors, parental attachment or 
connectedness, parent substance use, and prior use of the given substance by 
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adolescents. I added the individual-level control “school transition,” as some students in 
this particular sample attended a different school when the predictors were measured 
than when the outcome was assessed. I also added two school-level controls- school 
type and school level. Findings regarding association between school type (e.g. publ ic, 
private, parochial) and substance use have been mixed (Aveyard, Markham, & Cheng, 
2004; S. T. Ennett & Haws, 2010). School level accounts for the fact that both middle 
and high schools are included in the sample, and there are plausible associations 
between school level, the predictor variables, and the outcomes.  
Empirical support for examining differences by school level 
In Aim 4, Hypothesis 1, I suggest that the effects of the school level variables will 
be greater, or more significant, for middle school than for students in high school. This is 
consistent with recent findings of studies that have examined school-level influences on 
substance use by grade level. For example, Aveyard et al. (2004), found that school 
value-added status explained about 14% of the variance in school smoking among 
students in year 7 and year 9 of secondary school, but less in year 11. Likewise, Bissett 
et al. (2007) found that school value-added status explained significant variance in 
heavy alcohol consumption for 7th and 9th year students, but it was not a significant 
predictor for 11th year students. West et al. (2004) found that there was greater variation 
in school prevalence of substance use (alcohol use, smoking, and drug use) later in 
secondary school, but that the school effect was greater at younger ages than at older 
ages. Because the sample for the current study includes pairs of middle and high 
schools (50-60 of each, with remaining study schools including some combination of 
middle and high school grades), it is feasible to explore any differences that occur based 
on school level among this sub-set of distinct middle and high schools. Based on the 
smaller number of schools in each group and related concerns about statistical power, 
these analyses are considered exploratory in nature. 
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The case for applying adolescent substance use research cross-nationally  
The current study draws on a small but consistent body of research conducted in 
recent years in the U.S., as well as other developed Western nations, which suggests 
that school context influences the development of adolescent substance use. 
Specifically, the current study involves applying the Theory of Health Promoting Schools 
and related measures, developed in Great Britain and Scotland, to examine school 
influences on adolescent substance use in a national sample of U.S. middle and high 
schools. Three primary issues regarding this cross-national application must be 
addressed: 1) the extent to which the school context in the U.S. is similar to that of Great 
Britain and Scotland; 2) the extent to which adolescent substance use is similar across 
countries; and perhaps most importantly, 3) the extent to which known risk and 
protective factors for substance use operate similarly across countries.  
School context. 
According to the U.S. National Center for Education Statistics’ Comparative 
Indicators of Education in the U.S. and other G-8 Countries: 2006 report, the United 
States and the United Kingdom (U.K., including England, Northern Ireland, Scotland, 
and Wales) differ substantially in the sizes of their overall and school-aged populations 
(U.S.= 298.4 million total and 61.6 million age 5-19, U.K.= 60.6 million and 11.3 million 
age 5-19). However school-aged youth make up similar portions of the population, close 
to 20% (J. W. Miller, Naimi, Brewer, & Jones, 2007). School enrollment rates are similar, 
hovering around 100% during the compulsory school years of age 6-17 in the U.S. (or 
16, depending on the state) and 4-16 in the U.K. Average class sizes and student-
teacher ratios are similar, as well, and student achievement comparisons that are 
available show fairly similar math and science competency among students at the 4th 
grade level. In terms of school structure, secondary school in the U.K. is typically divided 
into 3 years of lower secondary education for students age 11-13 and four years of 
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upper secondary, two of them compulsory, for students ages 14-17. The secondary 
grades are typically housed together in the same school building, however (J. W. Miller, 
et al., 2007). Likewise, in the United States, there are seven total years of secondary 
school, represented by grades 6 through 12. A common model is for 6th through 8th 
graders to attend middle school and 9th through 12th graders to attend a physically 
separate high school. However, many other arrangements are possible.  
Demographically, U.S. schools are more racially and ethnically diverse than U.K. 
schools. The Add Health data set, which is used in the current study, includes about 
20,000 U.S. middle and high school students, of whom 58% identify as white, 22% 
identify as black or African American, 7% identify as Asian, 3.5% identify as American 
Indian, and about 9.5% identify as “other.” Also, about 17% of the sample identifies as 
Hispanic or Latino (Carolina Population Center, 2008). Studies of school contextual 
influences on substance use in the U.K. have reported between 80% and 96% white 
student samples and at most, 2% students of African or Caribbean background 
(Aveyard, Markham, & Cheng, 2004; Bisset, et al., 2007; Henderson, Butcher, et al., 
2008). Further, while national statistics show that about 40% of U.S. students qualify for 
free or reduced-price lunch (National Center for Education Statistics- Institute of 
Education Statistics- U.S. Department of Education, 2007), the British studies being 
considered here include about 13% free lunch recipients (Aveyard, Markham, & Cheng, 
2004; Bisset, et al., 2007).  
One other difference in school context is important with respect to the current 
study. The U.K. has a national curriculum that requires all schools to provide a general 
education to all students. In addition, a national curriculum assessment exam occurs at 
the end of stage 3 of compulsory schooling (lower secondary), around age 14 or grade 9 
(Eurybase, 2008). In contrast, the U.S. does not have a national curriculum. In the U.S. 
most of the funding and control of schools extends from the state governments. Thus 
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states and school districts usually require or recommend that schools meet certain 
standards. The federal government requires states to have curriculum standards in place 
to receive any federal funding ("Ed.gov Answers: Adequate yearly progress," 2008), 
although there is not consistency across states. This presents a challenge in terms of 
being able to derive the school value-added measure, as all schools do not have the 
same standards. However, both achievement and truancy-related value-added variables 
can be constructed from the available data, and consideration of their validity is a key 
part of Aim 1.  
Adolescent substance use. 
In terms of substance use prevalence across comparison countries, weekly 
alcohol use appears to be significantly greater in England and Scotland than in the U.S. 
and smoking rates vary somewhat, particularly among girls. According to the 2001/2002 
Health Behaviour in School-aged Children (HBSC) survey, approximately 48.6% of 
British 15 year old girls, 56% of British boys, 42 % of Scottish girls, and 44% of Scottish 
boys reported drinking alcohol weekly. Rates of weekly alcohol use in the U.S. were 
about 11.4% of girls and 21.3% of boys. With respect to smoking, approximately 28% of 
British 15 year old girls, 21% of British boys, 23% of Scottish girls, and 16% of Scottish 
boys reported smoking at least once a week. By contrast, 12% of U.S. 15 year old girls 
and 17.5% of their boy counterparts reported smoking at least once a week. Rates of 
marijuana use were more similar, with between 26 and 36% of each group reporting 
having used marijuana in the past 12 months (World Health Organization: Europe, 
2004).  
Risk and protective factors for substance use. 
Perhaps the most important issue related to the current etiological study is the 
extent to which etiological research on substance use is considered relevant cross-
nationally. Historically, prevention researchers in developed Western countries have 
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drawn on research from their own countries as well as from other developed countries to 
support their hypotheses and to interpret their findings. For example, the WHO report on 
the health of school aged youth, cites research from both the U.S. and Western Europe 
in its effort to explain their findings on the health and health-related behavior of young 
people. (Chapter 4) (World Health Organization: Europe, 2004). In a paper examining 
relationships between students’ perceptions of their schools and their smoking and 
alcohol use in Finland and Norway, Samdal et al. (2000) build on key etiological findings 
from both the U.S. and Europe. Likewise Engels (1999) uses both U.S. and European 
etiological research as background for his study on the influences of parents and friends 
on adolescent smoking and drinking in the Netherlands; he points out that development 
of these behaviors in the Netherlands is comparable to adolescent substance use 
development in other Western countries (Engels, et al., 1999). From the U.S. 
perspective, etiological work from Europe and other developed countries is also 
frequently incorporated as foundational research for new studies (Beyers, Toumbourou, 
Catalano, Arthur, & Hawkins, 2004; S. T. Ennett, et al., 1997; Hill, et al., 2005), and 
research from both regions is included together in literature reviews on adolescent 
substance use (S. T. Ennett & Haws, 2010; Hawkins, et al., 1992). 
While some inter-country differences exist in adolescents’ school contexts, their 
engagement in substance use, and the extent to which various etiological factors play a 
role in their use, overall contexts and patterns are similar enough that research-sharing 
within developed Western nations is warranted. In light of some different findings in the 
current study compared to those conducted in Europe, however, inter-country and inter-
cultural differences are revisited in the Discussion section.   
Design considerations for investigating school influences. 
In their methodological and substantive review of studies that had investigated 
school influences on smoking, Aveyard, Markham, and Cheng (2004) concluded that 
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future studies should meet the following criteria: 1) use multilevel design and analysis; 2) 
control for confounding, and, just as important, not over-control for variables that are 
potentially causally influenced by the school context (e.g. peer factors); 3) develop 
studies based on theory and use measures derived from the theory. Others have also 
pointed out the need for longitudinal studies to establish temporality and control for 
plausible confounders, particularly baseline substance use (Battistich & Hom, 1997; 
Henderson, Butcher, et al., 2008; West, et al., 2004). In addition, to accurately assess 
both the within- and between-school effects the need for adequate numbers of schools, 
as well as adequate numbers of students within schools has been noted (S. T. Ennett & 
Haws, 2010; West, et al., 2004). 
The current study addresses these considerations by 1) developing and 
evaluating the validity of predictors based on the Theory of HPS and prior empirical 
work; 2) using multilevel modeling techniques to examine within- and between-school 
variance and to test the significance of theory-derived predictors at both the individual 
and school levels on student substance use; 3) controlling for relevant school-level 
variables and for family characteristics and student characteristics that are not plausib ly 
influenced by schools in the multilevel analyses, while avoiding the pitfall of controlling 
for student variables that are plausibly influenced by schools (e.g. other risk behaviors, 
stress, peer substance use);and 4) using longitudinal data from Add Health to examine 
school and individual influences on the development of substance use over a one-year 
period. Given the large scale and complex design of Add Health, the study has adequate 
power to detect within- and between-school differences in substance use, as well as to 
detect moderation in the multilevel models. 
 
  
Method 
The specific aims were addressed through the secondary analysis of de-
identified nationally representative data from the Add Health study (grant #P01-
HD31921), an ongoing study of U.S. adolescents who were in grades 7-12 in 1994 (K.M. 
Harris et al., 2009b). Given the scope of the project, data were obtained through a 
contractual agreement with the Add Health project, which allows for secure access to 
complete data sets from all survey elements (K.M. Harris, 2009).This data set is well-
suited for the study of school influences on substance use because of its school-based 
sampling design, large numbers of schools and participants, and multiple data sources 
(e.g. surveys of adolescents, parents, and school administrators, and integrated 
neighborhood and community data). The Method section provides an overview of the 
relevant aspects of Add Health, including description of the Add Health sample and data 
sources, a detailed description of the sample used for each part of the current study, a 
complete description of all measures and measure development, and descriptive 
statistics for the study sample on all measures. 
Sample 
Add Health sample design. 
Add Health used systematic sampling methods and implicit stratification to select 
a nationally representative sample of 80 U.S. high schools from a sampling frame of 
26,666 schools provided by the Quality Education Data, Inc. (QED) database (Carolina 
Population Center, 2008). Schools with an 11th grade and more than 30 students were 
considered eligible, and schools were stratified by region, urbanicity, school type, racial 
composition, and size prior to selection. Over 70% of schools selected agreed to 
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participate; replacement schools were selected within the stratum. Next, unless the 
selected high school was a comprehensive secondary or K-12 school, one feeder middle 
school was selected for each high school based on probability proportional to the 
number of students it supplied to the high school. Schools with a 7th grade were 
considered middle schools. The final school sample included a pair of schools from 80 
communities (a middle plus a high school, or a comprehensive secondary school), for a 
total of 132 schools (K.M. Harris et al., 2009a). 
In 1994, all available and willing students in grades 7-12 (over 90,000) completed 
an in-school survey. In 1995, a sub-sample of 20,745 students, stratified by age, sex, 
and school, participated in a more extensive in-home interview. This included a core 
sample of approximately 200 students from each of the 80 pairs of schools, 12,105 of 
whom completed the in-home interview (response rate = 79.5% (Sieving et al., 2001)). 
The additional students came from a saturation sample of all of the students at 2 high 
schools, plus over-samples of 4 specific ethnic groups, disabled students, and students 
that met one of five genetic criteria (e.g. twins, siblings). In 1996, the in-home sample, 
excluding those who had graduated (12th graders at Wave 1), the disabled student 
sample, and the siblings of twins, were re-contacted; 14,738 adolescents completed the 
Wave 2 interview (Carolina Population Center, 2008; K.M. Harris, et al., 2009a). 
Sampling weights were assigned to adjust for the unequal probabilities of selection in 
Waves 1 and 2 (Tourangeau & Shin, 1999). 
A parent of each student interviewed in-home at Wave 1 was recruited for the 
1995 parent interview. 17,670 parents (85.6% of eligible) completed the parent interview. 
A school-administrator from each participating school was interviewed at Wave 1 and 
was re-contacted to update school information at Wave 2 (Carolina Population Center, 
2008; Sieving, et al., 2001). 
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In addition to the participant surveys, Add Health collected data on a variety of 
school characteristics, which the investigators subsequently matched to schools and 
students represented in the study sample. School and neighborhood context data were 
collected from the 1990 Census, as well as the Common Core of Data (CCD) and 
Private School Survey (PSS), national surveys of public and private schools that aim to 
gather information on programmatic and demographic characteristics of U.S. schools. 
The CCD and PSS data collection co-occurred with Wave III of the Add Health study, but 
the CCD data are from 1990-91, 1993-94, 1994-95, and 1999-2000 and the PSS data 
are from the 1995-96 school year (K.M. Harris, 2009). 
Add health data sources. 
The adolescent in-school interviews were conducted between September 1994 
and April 1995 in students’ schools. All students in grades 7-12 present on the day of the 
survey were invited to participate. Parents were informed prior to the survey and could 
direct their children to opt out of the survey. The self-administered survey was formatted 
for optical scanning. It was administered during one 45-60 minute class period on a 
single day. No make-up days were scheduled (K.M. Harris, et al., 2009a). 
The adolescent in-home interviews were conducted in April-December of 1995 
and April-August 1996 in students’ homes using Computer-Assisted Personal Interviews 
(CAPI) and Audio-Computer Assisted Self Interview (ACASI) for sensitive sections of the 
interview (e.g. questions about substance use). Written informed parental consent and 
verbal student assent were obtained prior to the interviews (Carolina Population Center, 
2008). At Wave 1, the resident mother or another parent of each adolescent was 
recruited to complete an interviewer-assisted written questionnaire covering topics such 
as health conditions, marriages and relationships, education, employment, and parent-
adolescent communication (Carolina Population Center, 2008). School administrators 
completed self-administered questionnaires that addressed school, teacher, and student 
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characteristics and school policies at Wave 1 with updates at Wave 2 (Carolina 
Population Center, 2008). 
School information, such as grade levels served, contextual data, such as 
neighborhood poverty, and educational context data, such as racial and ethnic 
composition and student-teacher ratio, were compiled by research staff and matched to 
the school and student data based on geo-coded addresses (K.M. Harris, et al., 2009b).  
Sample for the current study. 
The current study used data from the student in-school survey, the student in-
home, parent, and school administrator surveys, as well as school and educational 
context data. The initial sample and final sample for each aim are described below and 
summarized in Table 2. 
Sample for development of school ethos measures. 
The sample for the development of the school ethos measures included 90,118 
participants from the in-school survey. The final sample consisted of the 64,256 in-
school participants with complete observations on all variables included in the correlation 
matrix to be analyzed using exploratory factor analysis. Incomplete cases were dropped 
due to the specifications of the maximum likelihood estimation method used by the 
analytic software.  
Sample for analytic aims. 
The sample for the multilevel models included all schools with valid sampling 
data, including region and school identification number, school information collected by 
Add Health researchers, and school administrator data. Of the original 132 schools, 2 
were missing region and school administrator data, bringing the eligible school sample to 
130. Another 3 schools did not have in-school measures, which were used to construct 
key school-level variables for the analysis. Thus, these schools were dropped. A final set 
of 127 schools was included in the analysis.  
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At the student level, the sample included all adolescents from the 127 eligible 
schools who participated in Waves 1 and 2 of the in-home interview. To properly control 
for over-sampling of some groups, students without a valid sampling weight (non-
probability genetic sample members), were excluded (K Chantala & J Tabor, 1999). 
Initially, there were 13,376 students with valid sampling weights. Three students were 
dropped due to missing school identification numbers. In addition 408 students who 
were not in school at Wave 1 were dropped prior to analysis because all predictors were 
measured at Wave 1. The final study sample included 12,915 students. Although 
missing values on the analysis variables were imputed using a process described below, 
those missing observations on an outcome variable were not included in analyses on 
that outcome. Thus, the final sample for smoking was 12,829; the final sample for 
drinking was 12,829; the final sample for marijuana use was 12,828, and the final 
sample for heavy drinking was 12,915.  
Sample for stratified analyses. 
The sample for the stratified analyses included the students from the prior 
analyses who attended middle schools and high schools, rather than comprehensive or 
combined secondary schools. Of the 127 schools included in the main analyses, 57 
were high schools and 51 were middle schools. The high school sample included 7,329 
students.  The middle school sample included 3,192 students. Given that I did not 
include those missing observations on the outcome, there were 7,192 high school 
students and 3,155 middle school students in the smoking analyses, 7,187 high school 
students and 3,155 middle school students in the drinking analyses, 7,238 high school 
students and 3,178 middle school students in the heavy drinking analyses, and 7,192 
high school students and 3,156 middle school students in the marijuana use analyses.  
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Measures 
Outcome measures. 
There were four binary dependent variables: 1) smoked cigarettes in the past 
year, 2) drank beer, wine, or liquor in the past year, 3) regularly participated in heavy 
drinking during the past year, and 4) tried or used marijuana in the past year (Sieving, et 
al., 2001). Outcomes were at the individual level and were measured at Wave 2. 
Substance use items on the Wave 2 survey were asked using a computer-inserted date 
corresponding to the month and year of the participant’s first interview, using the phrase, 
“Since [month of last interview], have you…” or “…how many times have you…?” Wave 
1 measures of substance use were used as control variables in the multilevel models. A 
summary of outcome measures and their corresponding Wave 1 controls is shown in 
Table 3.  
School-level predictor measures. 
Aim 1 of the study was development of measures of school context suggested by 
the Theory of HPS and hypothesized to influence development of adolescent substance 
use. Hypotheses related to this aim involved assessing three aspects of construct 
validity: predictive validity, convergent validity, and discriminant validity. Measure 
development procedures, results, and evaluation of study hypotheses related to Aim 1 
follow. 
Development of school value-added variables.  
Two dimensions of school value-added— school achievement added and school 
truancy added-- were derived using the residuals from linear regression analysis to 
identify schools that are performing better than expected on school achievement and 
truancy predicted from eight school compositional factors (Aveyard, et al., 2005; Bisset, 
et al., 2007; W. A. Markham & Aveyard, 2003; W. A. Markham, et al., 2008). Using data 
from the student in-home sample, achievement added and truancy added were 
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developed in three main steps. First, eight school-level compositional variables were 
formed: 1) school mean level of parent education (ranging from 1=less than high school 
to 5=more than college), 2) mean neighborhood poverty (school mean of percent living 
below 1989 poverty level among all students’ residential neighborhoods) , 3) proportion 
of students from non-traditional families (households without both a resident father and a 
resident mother), 4) proportion black students, 5) proportion white students, 6) 
proportion Hispanic students, 7) proportion high movers (students who moved more than 
twice between 1993 and time of survey (1994-95 school year), and 8) proportion non-
English-speaking households.  
Parent education was taken from the parent survey first, and from the student in-
home survey if missing on the parent survey. The higher of the resident mother’s and 
resident father’s educational attainment was used. The mean neighborhood poverty 
variable was compiled from the Add Health contextual data set in which 1990 U.S. 
Census data was matched with participants in the in-home interview based on their geo-
coded addresses. The non-traditional family indicator was taken from a previously 
derived family status dataset in which household status was determined for each 
participant in the Add Health in-home interview (K. M. Harris, 1999). The proportion 
black, white, and Hispanic variables were taken from the school contextual data 
collected from the Quality Education Data (QED) database matched to Add Health Wave 
1 participants (1993-94 for public schools and 94-95 for privates). Where this was 
missing, aggregates of self-reports were used. The proportion of frequent movers was 
derived from three items on the parent survey which documented students’ residential 
history. Proportion of student body with home language other than English was taken 
from one item in the student in-home survey in which students were asked to select the 
language most often spoken in their homes (choices included English, Spanish, or 
other). 
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Second, school mean GPA and mean days skipped without an excuse were 
regressed (separately), on the eight school level predictors. School mean GPA was 
derived from four items on the student in-home survey: “At the most recent grading 
period, what was your grade in English or language arts?”  “And what was your grade in 
mathematics?” “And what was your grade in History or social studies?” “And what was 
your grade in science?” Answer choices for these 4 items included “A,” “B,” “C,” “D or 
lower,” “Did not take this subject,” and “Took the subject, but it wasn’t graded this way.”  
Student GPA was derived as the mean of letter grades provided in the four major 
subjects, or those taken and graded with standard letter grades. In other words, if a 
student reported not taking science, but he reported a letter grade for the other three 
subjects, his GPA was the mean of those 3 grades. School mean GPA was the mean of 
all student GPAs.  
Days skipped was taken from an item on the student in-home survey asking, 
“During this school year, how many times have you skipped school for a whole day 
without an excuse?” Participants filled in a number between 0 and 99. The school mean 
of days skipped without an excuse was the mean of all student responses.  
Third, residuals were computed to reflect observed mean GPA minus predicted 
GPA and observed mean days skipped minus predicted mean days skipped.  
Alternate indicators of academic and regulatory compliance.  
Because no universal indicators of compliance with academic and regulatory 
orders exist in U.S. schools, as they did in Britain, where Markham and Aveyard’s initial 
studies of school value-added were conducted (Aveyard, et al., 2005; Aveyard, 
Markham, Lancashire, et al., 2004; Bisset, et al., 2007; W. A. Markham, et al., 2008; 
Tobler, et al., 2011), several possible indicators were considered before the selection of 
mean GPA and mean days skipped without an excuse. Criteria for selection included 
what was available in the survey, the squared multiple correlation (SMC) or proportion of 
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variance explained by the compositional predictors, the completeness of the data, 
distribution of the outcome across schools, and the face validity of the measures.  
Ultimately, “school mean GPA in 4 main courses” and “mean days skipped 
without an excuse,” as described above, were selected. For the academic indicator, 
“percent below grade level on standardized tests” was rejected because of the low SMC 
and because standardized testing had little consistency across jurisdictions in the mid 
1990’s when the data were collected. “Percent retained” was rejected because of low 
validity. Retention is frequently due to truancy more than academic performance. 
“Percent failing at least one course” was rejected because of lower SMC than school 
mean GPA. For the regulatory indicator, average daily attendance was rejected 
because, despite its higher SMC, there was an unacceptable number of missing values 
with no defensible way of imputing them. Further, because the variable was coded 
categorically, there was less variation on this variable than there would have been had 
the variable been quantitative. 
Results of school value-added development. 
Table 4 presents descriptive results for the eight school compositional predictors. 
Table 5 shows the SMC or R-squared statistics that resulted from regression of the 
possible outcomes on the eight predictors. The R-squared for school mean GPA is 0.31, 
and the R-squared for school mean days skipped is 0.28. Figure 2 and Figure 3 show 
the distribution of residuals across schools. In the figures, position along the y-axis is of 
interest. Since both residuals have been standardized, schools at or close to zero have 
observed scores that are very close to the predicted score. Schools close to plus or 
minus 1 have observed scores about 1 standard deviation above or below the predicted 
score. A school’s position along the x-axis is not meaningful. The x-axis represents an 
arbitrary school number in the data chart.  
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In prior research (Aveyard, Markham, Lancashire, et al., 2004; Bisset, et al., 
2007; Tobler, et al., 2011), the variable “school value-added status” has been derived as 
a single measure. However, because my research did not support a unidimensional view 
of school value-added  
(rAA•TA=-0.46), I proceeded with “achievement added” and “truancy added” as separate 
constructs. As explained, both are residuals, conveying the difference in observed minus 
predicted scores. Since a higher achievement residual means that a school’s 
achievement is better than predicted, given its student composition, I call the 
achievement residual “achievement added.” Since a higher truancy residual means that 
a school’s truancy is higher than predicted, given its student composition, I call the 
truancy residual “truancy added.” This language is new, but it effectively captures the 
concepts that have been introduced in prior research and conveys the fact that high 
achievement residuals are good, while high truancy residuals are bad.  
Development of school ethos variables. 
School ethos is a latent construct that describes students’ (and perhaps school 
staff members’) experience of or response to the school culture (Solvason, 2005). I used 
exploratory factor analysis (EFA) to identify dimensions of school ethos in the Add 
Health in-school data set.  
Based on the work of West et al. looking at the relationship between school ethos 
and student substance use and other work examining the relationships between school 
characteristics and students’ connectedness to school (McNeely, Nonnemaker, & Blum, 
2002; Waters, Cross, & Runions, 2009), 16 items or constructs potentially related to 
school ethos were identified (Bisset, et al., 2007; West, et al., 2004). Thirteen of the 
items pertained to students’ assessments of the school climate (e.g. students in my 
school are prejudiced), student involvement and engagement (e.g. I feel part of the 
school), and quality of teacher-student relationships (e.g. teachers treat students fairly) 
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and came from the student in-school survey. The other three items, school size, 
harshness of discipline policies, and student-teacher ratio, reflected contextual 
characteristics of the school. School characteristics were drawn from the school 
administrator survey and the education context survey.  
The EFA was conducted in 3 main steps. First, I split the in-school sample of 
students (N=90,118) randomly into two portions, one equal to 60% of the total and one 
equal to 40% of the total. I generated a correlation matrix for the 60% portion of the 
sample, and conducted an exploratory factor analysis using item correlations from the 
38,590 students with complete data. Correlation matrices were derived using SAS 
PROC CORR with the NOMISS option. I conducted the EFA using the CEFA 
(Comprehensive Exploratory Factor Analysis) program. Since CEFA utilizes maximum 
likelihood estimation, only complete observations were included in the correlation matrix, 
as all pairwise comparisons are assumed to include the same data (Browne, Cudeck, 
Tateneni, & Mels, 2009). Assuming data are not missing in a systematic way from the 
items on the student in-school survey, one can assume that the correlation matrix and 
resulting factor analysis provides an unbiased view of the dimensions of school ethos. 
I specified models with 2, 3, and 4 factors. For each model, I specified oblique 
rotations, as theory would suggest that the factors were correlated, and I used Crawford-
Ferguson Quartimax rotation criteria to optimize achievement of simple structure 
(MacCallum & Browne, 2010). I compared 2, 3, and 4 factor models based on scree 
plots and tests of close fit and exact fit (based on RMSEA). I selected the three factor 
model as the best model from the first EFA, and I dropped four items that did not load on 
any of the factors. After rotation, I checked for substantive interpretation of factors based 
on the items that loaded on each factor. Once the model was reduced to 12 items, I 
conducted a second exploratory factor analysis specifying 2, 3, and 4 factors, oblique 
rotation and Crawford-Ferguson Quartimax rotation criteria.  
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Results of school ethos development. 
The in-school sample used for the EFA is described in Table 6. Table 7 shows 
univariate statistics for the 16 items included in the EFA. A three-factor solution fit the 
data adequately (RMSEA=0.059, 90% CI (0.058, 0.061)), and 12 items were retained 
(MacCallum & Browne, 2010). The following four items were dropped because they did 
not load strongly on any of the factors in the two, three, or four factor solution: 1) 
“Students at this school are prejudiced;” 2) “How hard do you try to do your school 
work?” 3) “During the past 12 months, how many days did you skip school without an 
excuse?” and 4) Aggregated administrator report of harshness of discipline policy for 12 
first time offenses.  
Table 8 presents factor loadings for the final three-factor solution with oblique 
rotation obtained from the first portion of the sample. Table 9 shows factor 
intercorrelations, which are significantly different from zero, but not strong enough to 
suggest unidimensionality of the constructs. Table 10 shows factor loadings for the 
refined model, derived first in 60% of the sample and tested using the final specifications 
(3 factors, 12 items, oblique rotation) in the other 40% of the sample. The very similar 
results obtained from the two analyses suggest that the loading structure that emerged 
from the first EFA is not due to outliers or anomalies in a small number of observations 
(DeVellis, personal communication, 2012). Table 11 shows the factor intercorrelations 
from the follow-up analysis, again suggesting that there is not support for 
unidimensionality of the constructs.  
Factors were interpreted as follows. Items loading on factor 1 pertain to students’ 
judgments about their connection to school (Libbey, 2004; Maddox & Prinz, 2003; 
McNeely, et al., 2002; Resnick, et al., 1997). At the school level, the scale formed from 
these items conveys how connected or disconnected the student body is as a whole. 
Since the items are coded with high scores representing disconnectedness, the scale is 
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called “school disconnectedness.” Items that load on factor 2 represent institutional 
characteristics that may facilitate or inhibit opportunities for meaningful involvement with 
positive adults and peers in their schools (McNeely, et al., 2002). Since a higher score 
on this variable represents less opportunity for involvement, the scale is called 
“institutional disengagement.” Items that load on factor 3 relate to students’ experiences 
in and around the classroom, and thus, may reflect on the school’s academic climate. 
Since higher scores on this scale represent more academic-type trouble, the scale is 
called “school academic trouble.” Based on the solution from the exploratory factor 
analysis, scale reliabilities for school disconnectedness, school academic trouble and, 
and institutional disengagement were computed. One item, “Teachers at my school treat 
students fairly,” was taken out of the school disconnectedness scale because of its 
negative effect on the internal consistency reliability (Netemeyer, Bearden, & Sharma, 
2003). Cronbach’s alphas for each scale are shown in Table 12. 
Table 13 shows the final school level variables related to both school value-
added and school ethos. 
Testing Aim 1, Hypotheses 1-4.  
In order to test hypotheses related to the measures, relationships among 
variables at the ecological or school level were examined. Results are reported here 
rather than in the Results section. Correlations among the two dimensions of school 
value-added, the three dimensions of school ethos, and proportion of students who 
smoked, drank, drank heavily, and used marijuana in the past year were examined to 
assess predictive, convergent, and discriminant validity. Statistical significance of 
correlation coefficients was assessed, based on the criterion alpha =.05, and the 
strength and direction of the associations were interpreted. Table 14 contains correlation 
statistics for variables at the school level-- the residual from regression of school mean 
GPA on demographic predictors (“achievement added”), the residual from regression of 
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school mean truancy from demographic predictors (“truancy added”), school academic 
trouble, school disconnectedness, school institutional disengagement, and mean 
proportion of students in the school who reported having smoked, drunk alcohol, 
engaged in heavy drinking, and smoked marijuana in the past year.  
 
Aim 1, Hypothesis 1a: School achievement added will be negatively associated 
with school prevalence of substance use. (predictive validity) 
Aim 1, Hypothesis 1b: School truancy added will be positively associated with 
school prevalence of substance use. (predictive validity) 
 
Aim 1, Hypothesis 1a and Hypothesis 1b are supported. Correlation statistics 
among achievement added and all substance use outcomes are statistically significant 
and in the expected direction (Table 14). As achievement added increases, percent of 
students who smoked, drank, drank heavily, and used marijuana in the past year 
decreases. Correlation statistics among truancy added and all substance use outcomes 
are statistically significant and in the expected direction. As observed minus expected 
days skipped increases, percent of students who smoked, drank, drank heavily, and 
used marijuana in the past year increases. 
 
Aim 1, Hypothesis 2a: School disconnectedness will be positively associated 
with school prevalence of substance use. (predictive validity) 
Aim 1, Hypothesis 2b: School academic trouble will be positively associated 
with school prevalence of substance use. (predictive validity) 
Aim 1, Hypothesis 2c: School institutional disengagement will be positively 
associated with school prevalence of substance use. (predictive validity) 
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Aim 1, Hypothesis 2a is supported. School disconnectedness is significantly 
associated with percent of students who engaged in smoking, drinking, heavy drinking, 
and marijuana use in the past year. As school disconnectedness increases, percent of 
students who engaged in all substance use outcomes increases (Table 14). Hypothesis 
2b is not supported.  While school academic trouble is significantly associated with 
percent of drinkers and heavy drinkers, the associations are in the opposite direction 
than hypothesized. As school academic trouble increases, percent of drinkers and heavy 
drinkers decreases. Correlations among school academic trouble and percent of 
smokers and marijuana users are not statistically significant at alpha = .05 (Table 14). 
This means that there is evidence of predictive validity (for two of the outcomes), but not 
as theoretically specified, which is the crux of construct validity (DeVellis, 2003). 
Hypothesis 2c is partially supported. School institutional disengagement is significantly 
associated with percent of marijuana users. As school institutional disengagement 
increases, percent of marijuana users increases (Table 14). Associations between 
school institutional disengagement and percent of smokers, drinkers, and heavy drinkers 
are not statistically significant at alpha=.05.  
Hypotheses 1 (a-b) and 2 (a-c) address predictive validity. Overall, achievement 
added, truancy added, and school disconnectedness were associated with school 
prevalence of substance use in the expected direction. School academic trouble may be 
predictive of school prevalence of substance use, but in the opposite way than 
hypothesized. School institutional disengagement predicted only school prevalence of 
marijuana use; the direction of the relationship was as hypothesized. Note, however, that 
these simple correlations are at the ecological level and do not give us insight into the 
effects that school context may have on individual student behavior.  
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Aim 1, Hypothesis 3: School value-added dimensions (school achievement 
added and school truancy added) will be strongly correlated with school ethos 
dimensions (school disconnectedness, school academic trouble, and school 
institutional disengagement). (convergent validity)  
 
Aim 1, Hypothesis 3 is partially supported. Achievement added and truancy 
added are each significantly associated with school disconnectedness and school 
institutional disengagement in the expected direction. As achievement added increases, 
school disconnectedness and school institutional disengagement decrease. As truancy 
added increases, school disconnectedness and school institutional disengagement 
increase. School academic trouble is not significantly associated with achievement 
added or truancy added.  
 
Aim 1, Hypothesis 4a: School achievement added will be weakly correlated or 
uncorrelated with mean school achievement. (discriminant validity) 
Aim 1, Hypothesis 4b: School truancy added will be weakly correlated or 
uncorrelated with mean school truancy. (discriminant validity)  
 
Hypotheses 4a and 4b are not supported. As school mean GPA increases, 
school achievement added increases, and as school mean truancy increases, school 
truancy added increases (Table 14). Positive and significant associations suggest that 
value-added schools (higher than expected GPA and lower than expected truancy) 
occur more commonly in high performing schools. Another hypothesis tested by Aveyard 
and Markham (2004) was that raw achievement and truancy would not be associated 
with school levels of substance use, while value-added status would be associated with 
substance use. This is partially supported in the current study, with non-significant 
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associations among mean GPA and percent of smokers, drinkers, and heavy drinkers in 
the past year and mean truancy and percent of past year smokers. However, mean GPA 
is significantly negatively associated with percent of marijuana users (r = -0.29) and 
mean truancy is significantly positively associated with percent of drinkers (r = 0.23), 
heavy drinkers (r = 0.27), and marijuana users (r = 0.43) (coefficients not shown in Table 
14).  
Individual analogs.  
In addition to the school contextual variables, student-level analogs of four 
school-level predictors—school achievement added, school truancy added, school 
disconnectedness, and school academic trouble-- are used in the multilevel analyses. In 
the school value-added domain, students’ grade point averages, mean grade across the 
four major subjects (1= D or lower, 4= A), represent student achievement and number of 
days skipped without an excuse, as reported by the student (range= 0-99), represents 
student compliance with school regulations.  
In the school ethos domain, student disconnectedness and student academic 
trouble are derived from student responses to the same items as those used to form 
school disconnectedness and school academic trouble. However, data for the individual 
measures come from the in-home survey, rather than the in-school survey, since 
students responding to the in-home survey are represented in the multilevel analysis. 
There is no individual analog for school institutional disengagement. Individual analogs 
are described in Table 15. 
Control variables. 
Control variables are Wave 1 student in-home survey measures of individuals’ 
sex, age, ethnicity, family structure (traditional two-parent versus not) (K. M. Harris, 
1999), level of parent connectedness (Resnick, et al., 1997), and student’s use of the 
given substance at baseline, as well as the Wave 2 measure of school transition 
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between time 1 and time 2 (i.e. moved from middle to high school, yes/no) (Table 16). 
Control variables also include Wave 1 parent survey measures of socioeconomic status, 
indicated by highest level of education obtained by either parent (Goodman, 1999), 
parent substance use (for alcohol and smoking analyses only), and parent involvement 
in school. The Wave 1 school administrator measure of school type (public, private, or 
Catholic) is entered as a school-level control. School level comes from the Add Health 
school information file, which includes data gathered by Add Health researchers about 
the schools selected into the sample. Control variables are described in Table 16.  
Procedures for handling missing data 
Although the data set was remarkably complete for its size and population, there 
were enough missing values to warrant use of multiple imputation to complete the data 
set prior to analysis. While most variables had less than 3% missing values, several 
control variables, particularly those taken from parent surveys (e.g. parent involvement 
in school, parent alcohol use), had between 10 and 15% missing. Multiple imputation 
was performed using SAS PROC MI (2008). All student-level variables (i.e. predictors, 
controls, and outcomes) included in the models, a small number of additional related 
variables, and the sampling design variables were included in the imputation model. Five 
imputed data sets were generated. While it was not clear how best to address missing 
data in the context of a multilevel complex sampling design, the approach I used was 
judged as optimal given the nature of the current study1 (Wiesen, personal 
communication, 2011). While data clustered by school can be problematic for estimation 
                                                 
1
 Special methods for conducting multiple imputation with clustered data have been 
proposed (e.g. Schafer’s 1997 proposal of a multivariate, linear mixed effects model for 
clustered data (Schafer & Yucel, 2002)). Likewise, special accommodations have been 
specified for conducting multiple imputation and subsequent analyses on data sets that 
include sampling weights (Berglund, 2010). However, none of these options was feasible 
given the analysis plan for the current study. Thus, including the sampling design 
variables in a standard PROC MI process was judged as more straightforward to 
execute and equally justified. 
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of descriptive parameters, effectively reducing “sample size” and requiring increased 
standard errors, the clustering structure is informative when it comes to missing data. It 
can be viewed as adding information, rather than absorbing it, and thus, it decreases 
standard errors related to estimation of missing values. Therefore, correlations among 
clustered units should be taken into account during imputation (P.D. Allison, 2002). 
Descriptive statistics 
Descriptive statistics are provided in Table 17-Table 23. Note that all descriptive 
statistics convey sample means, percents or proportions; thus they are computed from 
observed, unweighted data. Table 17 describes the sample of schools included in the 
study. Table 18 describes the students included in the study, with respect to 
demographics, and provides univariate statistics on all individual level control variables. 
Table 19 provides univariate statistics on school level control variables. Table 20 
provides univariate statistics on the individual and school level predictors of interest. 
Table 21 provides proportion of students reporting each outcome at Wave 2. Table 22 
and Table 23 provide bivariate associations for predictors of interest with outcomes, and 
for outcomes and predictors with the control variables. 
Analysis strategy for analytic aims 
Hierarchical generalized linear modeling. 
Because students are nested in schools, observations of student substance use 
are not independent and associated error terms are expected to correlate. Thus, 
hierarchical generalized linear modeling (HGLM), also referred to as multilevel modeling, 
was the primary analytic strategy employed to test hypotheses specified under the 
analytic aims (2-4). HGLM can separate within- and between-group effects, and it does 
not assume that observations are independent (Kreft & DeLeeuw, 1998; Raudenbush & 
Bryk, 2002). Multilevel models employ random coefficient regression rather than ordinary 
least squares, or fixed effects, regression. This was optimal in the context of the current 
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study, based on the following criteria given by Cohen et al. (2003): the study involves a 
large number of groups (greater than 10) and the groups constitute a random sample of 
groups from a larger population of groups to which I wish to generalize.  
Among the sample of middle and high school students, substance use items 
measuring dose and frequency of substance use are highly skewed towards zero. Thus, 
the study used binary outcome variables capturing “used” versus “did not use” each 
substance over the past year. In the multilevel logistic models required to accommodate 
for non-linear outcomes, the capacity for modeling random effects is limited (Bauer & 
Curran, 2009).  
Another implication of estimating HGLMs is that the intraclass correlation 
coefficient (ICC) is not straightforward. The ICC represents the average correlation in the 
outcome among any two members of the same school, or alternatively, the proportion of 
the variance that is between schools. In multilevel modeling, it is common to first 
examine ICCs in order to determine if group membership is likely to explain significant 
variance in the outcome. However, in the non-linear framework, computing ICCs is 
problematic because there is no independent level 1 variance, and the variance function 
is heteroscedastic (Bauer & Curran, 2009). Thus, a pseudo ICC can be calculated as 
follows: ICC =(Τ00/[ Τ00+ π
2/3]), where Τ00 is the variance between schools in school 
average log odds of substance use in the past year, and π2/3 is the variance of the 
logistic distribution. This ICC statistic is interpreted as the ICC for the latent continuous 
variable underlying the binary outcome variables (Bauer & Curran, 2009; Raudenbush & 
Bryk, 2002).  
Yet another important implication of working in the HGLM framework, rather than 
the more common HLM framework used for modeling continuous outcomes, is that the 
conventional model-building approach, in which analysts scrutinize portions of within and 
between-groups variance explained with each incremental step, is not appropriate 
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(Bauer, 2009). Bauer (2009) explains that model building and comparison when fitting 
models for binary outcomes is complicated by the fact that the metric of the underlying 
continuous latent variable represented by the binary outcome variable is unknown. Thus, 
the variance of the level 1 error term in the model (rij) cannot be estimated from the data. 
Therefore it is fixed by the choice of a distribution, for example, the standard logistic 
distribution with variance π2/3. Because this variance is fixed, the metric of the 
underlying response variable is implicitly rescaled with the addition of each covariate or 
random effect. The most straightforward solution is to interpret beta coefficients for each 
model separately.2 In the event that only level 2 covariates are added to the model, 
direct comparisons can be made (Bauer, 2009). Thus, in the current study, the first set of 
models includes all level 1 predictors and level 1 and 2 controls. The second set 
includes the level 2 predictors of interest. I focus on the beta coefficients for the level 2 
predictors, as my interest is in the relationships among the school context variables and 
the outcomes that are specified by theory. However, given my process, comparison of 
coefficients and residual variances across models is permitted. 
Centering predictors. 
The multilevel models estimated in Aims 2, 3, and 4 contained a random 
intercept to capture the random effect of school. Because the main focus of the project 
was understanding the relationships between the school-level predictors and substance 
use, grand-mean centering of level 1 (individual) variables was used (Enders & Tofighi, 
2007; Raudenbush & Bryk, 2002) in all main effects analyses. Level 2 (school) variables 
were also grand-mean centered. Under grand-mean centering in the logistic models I 
estimated, the group intercept (   ) is the predicted log odds of substance use in the 
                                                 
2
 Another possible solution is to rescale the variance and coefficient estimates obtained 
from each modeling step (for the purposes of model comparison only) using formulas 
provided by Bauer (2009).  
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past year for an individual at the sample mean or grand mean on all predictors 
(Raudenbush & Bryk, 2002) (p.142) (Bauer & Curran, 2009). Grand-mean centering is 
more appropriate than group-mean centering when examining the effects of school-level 
predictors because the effects of the school-level predictors are appropriately adjusted 
for the individual-level covariates. One implication is that it is not appropriate to infer 
effects of level 1 predictors on the outcome, because under grand- mean centering, the 
level 1 and level 2 effects of the level 1 predictor are not disaggregated (Enders & 
Tofighi, 2007). 
As suggested by Enders and Tofighi (2007), group- mean centering of level 1 
variables was used in the models testing cross-level interactions. In these analyses, 
level 2 variables were left in their raw metric. Under group-mean centering, the intercept 
(beta naught j) is the predicted log odds of substance use in the past year for an 
individual at his/her group’s mean on all predictors (Bauer & Curran, 2009). It is 
considered the “average unadjusted cluster mean” (Enders & Tofighi, 2007). According 
to Enders and Tofighi (2007), group-mean centering of level 1 predictors, particularly 
those involved in the interaction(s), is appropriate when examining cross-level 
interactions because it “yields a pure estimate of the moderating influence that a level 2 
predictor exerts on a level 1 association between X and Y and cannot be distorted by the 
presence of an interaction that involves the cluster means of X” (p.133).  
Model specification. 
First, null models for each outcome were estimated with a random effect for 
school. Models were specified as follows: 
Let      represent the probability that the outcome variable equals 1. Then the response 
distribution is given by: 
          Bernoulli      
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The level-1 equation is give by: 
 
         
where     represents the linear predictor. The level-2 equation is given by:  
                          
where     represents the grandmean, or average log odds, of the outcome across 127 
schools and     is the deviation of group j’s mean from the grand mean.      is the 
variance between schools in school average log odds of the outcome (Bauer & Curran, 
2009; Raudenbush & Bryk, 2002). The link function is given by:  
    logit     
 ln  
   
     
 
 
  
The reduced form is as follows: 
            
where     is the log odds of individual i in school j having engaged in smoking, drinking, 
heavy drinking, or marijuana use in the past year.  
Second, two-level models with level 1 and 2 control variables and level 1 
individual analogs of school context variables were estimated. Within this step, separate 
models were estimated for the school ethos and the school value-added predictors, and 
then combined models were estimated.  
Third, two-level models with a random intercept, level 1 and 2 control variables, 
level 1 individual analogs of school context variables, and level 2 school context 
variables, the variables of interest, were estimated. Again, school ethos and school 
value-added models were estimated separately, and then the predictors were combined 
into full models. Models were specified using the following general form. 
The response distribution is given by: 
51 
 
          Bernoulli      
where     represents the probability that the outcome equals 1. 
The level-1 equation is given by: 
                                   
where   denotes the number of level-1 predictors. The level-2 equations are given by: 
                                     
       
       
 
       
 
where  denotes the number of level-2 predictors, and where             . 
The link function is given by:  
    logit     
 ln  
   
     
 
 
 
The reduced form is given by: 
                                       
                                    
where     represents the log odds of individual i in school j having engaged in smoking, 
drinking, heavy drinking, or marijuana use in the past year.  
Finally, two-level models with a random intercept, level-1 and level-2 control 
variables, level 1 individual analogs of school context variables, level-2 school context 
variables of interest, and cross-level interactions were estimated. Four cross-level 
interactions (student GPA*school achievement added; student days skipped * school 
truancy added; student disconnectedness * school disconnectedness; and student 
academic trouble * school academic trouble), modeled as fixed effects due to their 
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theoretical rather than empirical justification, were included in the analyses (Snijders & 
Bosker, 1999), p. 75, 97. These models were specified as follows: 
The response distribution is given by: 
          Bernoulli      
where     represents the probability that the outcome equals 1. 
The level-1 equation is given by: 
                                   
where   denotes the number of level-1 predictors. The level-2 equations are given by: 
                                     
               
               
 
              
 
where  denotes the number of level-2 predictors,   denotes the number of level-1 
predictors, and where              (    is normally distributed with mean 0 and 
variance    ). 
The link function is given by:  
    logit     
 ln  
   
     
 
 
 
The reduced form is given by: 
                                                                        
                                
where     represents the log odds of individual i in school j having engaged in smoking, 
drinking, heavy drinking, or marijuana use in the past year.  
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Subsequent analyses, estimated in conjunction with Aim 4, followed the same 
procedures just outlined, starting with the null model and ending with the estimation of 
cross-level interaction models. However, the sample was stratified by school level, and 
analyses were carried out separately for the middle school sample (N=51 schools) and 
the high school sample (N=57 schools). Comprehensive schools were excluded. 
Software used for data preparation, management, and analysis. 
I used SAS v. 9.2 ("SAS," 2008) for data preparation and management, and I 
used MPlus version 6.1 to fit multilevel models (Muthen & Muthén). The plan to estimate 
multilevel logistic models and to use imputed data sets, as well as the need to account 
for the complex survey design in the analysis (i.e. sampling weights, stratification), 
informed my decision to use MPlus version 6.1, a software package that facilitates 
analysis of complex latent variable models with continuous or categorical outcomes and 
with variables at multiple levels (Muthen & Muthén). All analyses included weight and 
stratification variables needed to appropriately account for the complex sampling design 
used in Add Health (K. Chantala & J. Tabor, 1999). 
Testing analytic hypotheses.  
For the first step of the analysis, in which the proportion of variance residing at 
the school level relative to the total variance in each substance use outcome was 
estimated, the hypothesis that there would be significant variation at the school level was 
evaluated based on visual inspection of the data (i.e. distribution of school levels of each 
substance use outcome), the size of the standard error relative to each school variance 
estimate, and the extent to which estimates of the proportion of substance use variance 
attributable to the school matched prior empirical work (Bauer & Curran, 2009). 
Scatterplots showing the proportion of students in each school who reported using each 
substance in the past year were generated. Next, null models were estimated and 
pseudo ICC statistics were calculated using school level variance estimates.  
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For the second step, in which models were estimated to examine main effects of 
the school context variables on substance use outcomes, evidence supporting or 
refuting hypotheses consisted of relevant regression coefficients and their statistical 
significance. For the third step, in which effects of cross-level interactions were 
estimated, Wald tests were used to test interactions simultaneously, similar to the 
Omnibus F-test in linear modeling. This is more appropriate than one-at-a-time tests 
because conducting many one-at-a-time tests can result in inflated Type 1 error (Frazier, 
Tix, & Barron, 2004). Wald test statistics with p-values less than .05 suggested that the 
model(s) with interactions fit the data better than a model(s) without the interactions. If 
Wald tests were significant, interactions with significant beta coefficients (p-value < .05) 
were probed using minimum and maximum values of the level 1 variable and values at 
the mean and one standard deviation above and below the mean for the level 2 
variables. Plots of predicted probabilities were generated to explore the nature of the 
interactions (Bauer & Curran, 2009; Frazier, et al., 2004). Note that moderation has been 
cited as notoriously difficult to detect in observational studies (Jessor, Van Den Bos, 
Vanderryn, Costa, & Turbin, 1995). However, Snijders and Bosker (1999) point out that 
there is more power to detect significant fixed effects of cross-level interactions than 
there is to detect significant variance in random slopes. Thus, they suggest examining 
cross-level interactions if there is theoretical justification, even in the absence of 
empirical support based on model building. 
All estimated log odds and standard errors, obtained as output from the MPlus 
program, were used to compute odds ratios and 95% confidence intervals. Confidence 
intervals including 1 were judged to be non-significant, unless they were just at the 
margin, with p-values between 0.05 and 0.06, in which case, they were noted as 
marginally significant. For Aim 4, the steps and criteria used above were repeated using 
data from stratified middle and high school samples.  
  
Results 
Results of the multilevel modeling are presented in this section by study aim and 
hypothesis.  
Aim 2 
Aim 2 is to conduct longitudinal multilevel analyses to (a) examine the extent to 
which there is variation between schools in student-reported substance use (i.e., alcohol, 
tobacco, and marijuana use assessed separately), and (b) to test the independent 
effects of school value-added predictors and school ethos predictors on individual 
substance use, modeled both separately and together, controlling for the effects of the 
student-level analogs of these school contextual measures-- school performance and 
perceived school climate --, as well as prior substance use and demographic, parental, 
and school background measures (e.g. sex, parental substance use, school type).  
 
Aim 2a, Hypothesis 1: Schools will vary significantly in prevalence of smoking, 
drinking alcohol, engaging in heavy drinking and using marijuana in the 
past year, measured at Wave 2.  
 
Figure 4, Figure 5, Figure 6, and Figure 7 show the proportions of students in 
each school who reported using the given substance in the past year. Examining the 
wide range of differences in proportions of substance users across schools, shown along 
the y-axis of each figure, we see substantial differences across the sample schools. (The 
x axis simply shows the arbitrary school number.)  
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Table 24 contains the between school variance estimates from the estimation of 
null, or intercept-only, models, their standard errors, and pseudo intraclass correlation 
coefficients for the four substance use outcomes. That each variance statistic is greater 
than twice its standard error suggests that there are significant school-level differences 
in likelihood of past year substance use. Secondly, the estimates of the ICCs or 
proportion of the variance that is attributable to school membership, ranging from about 
6% for likelihood of past year smoking to 12% for engaging in heavy drinking in the past 
year are consistent with other multilevel studies of substance use and warrant pursuing 
conditional models (S. T. Ennett & Haws, 2010). Taking into account the obvious 
differences in substance use shown in the plots, as well as the estimated ICCs, Aim 2a, 
Hypothesis.1 is supported. 
 
Aim 2b, Hypothesis 1a: As school achievement added (school value-added) 
increases, likelihood of individual student substance use in the past year 
will decrease, controlling for the effects of individual school performance, 
student background characteristics not influenced by school, and school 
level and type.  
Aim 2b, Hypothesis 1b: As school truancy added (school value-added) 
increases, likelihood of individual student substance use in the past year 
will increase, controlling for the effects of individual school performance, 
student background characteristics not influenced by school, and school 
level and type.  
Aim 2b, Hypothesis 2a: As school disconnectedness (school ethos) increases, 
likelihood of individual student substance use in the past year will 
increase, controlling for the effects of individual school performance, 
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student background characteristics not influenced by school, and school 
level and type.  
Aim 2b, Hypothesis 2b: As school academic trouble (school ethos) increases, 
likelihood of individual student substance use in the past year will 
increase, controlling for the effects of individual school performance, 
student background characteristics not influenced by school, and school 
level and type.  
Aim 2b, Hypothesis 2c: As school institutional disengagement (school ethos) 
increases, likelihood of individual student substance use in the past year 
will increase, controlling for the effects of individual school performance, 
student background characteristics not influenced by school, and school 
level and type.  
 
To test these hypotheses, a random intercept for school was retained, level 1 
predictors and controls and level 2 control variables were added to the models, and then 
level 2 variables of interest were added. Results from the value-added, school ethos, 
and combined main effects models are presented sequentially by outcome. 
Table 25, Table 26, and Table 27 show results from fitting the models for 
smoking. In the value-added model, school truancy added has a significant effect on 
odds of past year smoking, but it is not in the hypothesized direction. Based on the 
resulting odds ratio of 0.91 (95% CI .85, .98), we infer that for every one unit increase in 
truancy added for an average student’s school, that student’s predicted odds of having 
smoked in the past year would decrease by 9%, holding all other variables constant at 
the grand mean (P.D.  Allison, 2001). In the school ethos model, school institutional 
disengagement has a significant effect on odds of past year smoking. Like truancy 
added, though, the effect is in the opposite direction than hypothesized. For every one 
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unit increase in school institutional disengagement, where higher values mean less 
protective, odds of having smoked in the past year decrease (OR=0.87, 95% CI .76, 
.99). When all predictors are combined into a single model, school truancy added and 
school institutional disengagement remain marginally significant. 
Table 28, Table 29, and Table 30 show results from fitting the models for 
drinking. In the value-added model, truancy added has a significant effect on odds of 
past year drinking, but as with smoking, it is not in the expected direction (OR=0.88 
(95% CI .82, .96)). Thus, for every one unit increase in truancy added for an average 
student’s school, that student’s predicted odds of having drunk alcohol in the past year 
would decrease by 12%, holding all other variables constant at the grand mean. In the 
school ethos model, school institutional disengagement is significantly associated with 
students’ likelihood of drinking, but again, in the opposite direction than expected 
(OR=.87 (95% CI 0.76, 0.98)). Thus, for every one unit increase in the school 
institutional disengagement (higher=worse) of an average student, that student’s odds of 
having drunk alcohol in the past year would decrease by 13%, holding all other variables 
constant at the grand mean. When all predictors are combined into a single model, the 
significant effects of truancy added and school institutional disengagement remain, with 
odds ratios of 0.90 (95% CI 0.82, 0.98) and 0.87 (95% CI 0.76, 0.99) respectively.  
Table 31, Table 32, and Table 33 show results from fitting the models for heavy 
drinking. In the value-added models, neither of the level 2 variables has a statistically 
significant odds ratio. All three dimensions of school ethos are significantly associated 
with odds of heavy drinking in the past year. As school disconnectedness increases, 
odds of heavy drinking increase (OR=1.84, 95% CI 1.03, 3.29) for an average student, 
holding all other variables constant at their grand mean. This is consistent with Aim 2b, 
hypothesis 2. However, the relationships between school academic trouble and heavy 
drinking and school institutional disengagement and heavy drinking are in the opposite 
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direction as hypothesized, with odds ratios of 0.52 (95% CI 0.28, 0.94) for school 
academic trouble and 0.85 (95% CI 0.74, 0.98) for school institutional disengagement. 
When all predictors are combined into a single model, the effects of school academic 
trouble (OR=0.49 (95% CI 0.26, 0.90)) and school institutional disengagement (OR=0.85 
(95% CI 0.74, 0.98)) remain significant, while the effects of school disconnectedness are 
attenuated to non-significance.  
Table 34, Table 35, and Table 36 present results from fitting the models for 
marijuana use in the past year. In the value-added models, neither of the school value-
added variables is significantly associated with odds of past year marijuana use. In the 
school ethos model, school academic trouble is marginally significant, with an odds ratio 
of 0.62 (95% CI 0.38, 1.01) indicating that the relationship is in the opposite direction 
than hypothesize, and school disconnectedness is associated with odds of past year 
marijuana use in the hypothesized direction (OR=2.06 (95% CI 1.23, 3.44)). We can 
infer that for every one unit increase in an average student’s school disconnectedness, 
his or her predicted odds of having used marijuana in the past year increase by 106 
percent. The significant effect of school disconnectedness on odds of marijuana use 
remains strong (OR=1.92 (95% CI 1.13, 3.26)) in the combined model when both value-
added and school ethos variables as well as all of the control variables are included.  
Looking across all models (Table 37), we see some support, albeit sparse, for 
the parts of Aim 2b, Hypotheses 1 and 2 that suggest that the school context variables 
will be associated with the odds of past year substance use. However, we see limited 
support for the hypothesized direction of influence. Truancy added and school 
institutional disengagement are significantly associated with smoking in the separate 
models and with drinking even after combining all predictors into a single model. 
However, in both cases, as the climate gets worse in the conventional sense, meaning 
as truancy increases beyond expectations given the school’s population (truancy 
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added), or as the school gets larger, has less student involvement and has a higher 
number of students per teacher (institutional disengagement), odds of smoking and 
drinking go down. For heavy drinking, the outcome is similar. School disconnectedness, 
school academic trouble, and school institutional disengagement (all indicators of school 
ethos) have significant relationships with odds of students having engaged in heavy 
drinking during the past year, and the effects of academic trouble and institutional 
disengagement persist in the combined model. However, again, the direction is opposite 
of what was expected with more academic trouble and institutional disengagement being 
associated with a decrease in odds of heavy drinking. For marijuana use, hypothesis 2 is 
partially supported, in terms of both a significant relationship with school 
disconnectedness and the direction of the relationship. As school disconnectedness gets 
worse, odds of individual marijuana use in the past year increase. Again, however, 
school academic trouble is associated with marijuana use (marginally significant) in the 
opposite direction as expected. Table 38 demonstrates the “estimated effects” of the 
significant predictors on the student outcomes. It contains predicted probabilities for an 
average student having engaged in each substance use outcome over the past year if 
she/he attends a school with the highest value, the mean value, or the lowest value on 
the predictor of interest. These predicted probabilities assume that all other covariates 
are held constant at the grand mean.  
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Aim 3 
Aim 3 is to test the extent to which school value-added predictors and school 
ethos predictors moderate the relationships between the student-level analogs of each 
variable and substance use, controlling for prior substance use and demographic, 
parental, and school background measures (e.g. sex, parental substance use, school 
type). 
 
Aim 3, Hypothesis 1a: School achievement added (school value-added) will 
moderate the negative relationship between student’s academic performance 
and likelihood of past year substance use such that higher achievement 
added will weaken the relationship while lower  achievement added will 
strengthen the relationship.  
Aim 3, Hypothesis 1b: School truancy added (school value-added) will 
moderate the positive relationship between student’s own truancy and 
likelihood of past year substance use such that higher truancy added will 
strengthen the relationship while lower truancy added will weaken the 
relationship. 
Aim 3, Hypothesis 2a: School disconnectedness (school ethos) will moderate 
the positive relationship between student disconnectedness and likelihood of 
past year substance use such that higher school disconnectedness will 
strengthen the relationship while lower school disconnectedness will weaken 
the relationship. 
Aim 3, Hypothesis 2b: School academic trouble (school ethos) will moderate 
the positive relationship between student academic trouble and likelihood of 
past year substance use such that higher school academic trouble will 
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strengthen the relationship while lower school academic trouble will weaken 
the relationship. 
Table 39, Table 40, Table 41, and Table 42 present results from fitting models 
that included all interaction terms combined. The four cross-level interaction terms are 1) 
student GPA *school achievement added, 2) student days skipped without an excuse * 
school truancy added, 3) student disconnectedness * school disconnectedness, and 4) 
student academic trouble * school academic trouble. Wald tests for the interaction 
models were mostly non-significant, suggesting that Aim 3, Hypotheses 1 (a & b) and 2 
(a & b) were mostly not supported. Thus, for efficiency, the tables present only results 
from the combined models, since no significant effects were found in the prior steps.  
The combined model for drinking had a significant Wald test statistic (p=.04), 
which warranted probing statistically significant interactions to examine their effects. One 
marginally significant interaction term (days skipped without an excuse * truancy added) 
was found (OR=.995, 95% CI (.994, .998)). Probing this interaction term was done 
graphically, by plotting predicted values of the outcome variable for those at either 
extreme of the level 1 predictor (days skipped) and those attending schools with low, 
average, and high values of the truancy added (Frazier, et al., 2004). Figure 8 shows the 
effect of truancy added on the relationship between days skipped and probability of 
drinking alcohol in the past year. 
Contrary to expectations, a student who does not skip much and attends and a 
school characterized by lower than expected truancy has a higher probability of drinking 
in the past year than a student who does not skip much and attends a school 
characterized by higher than expected truancy. Further, the lower-than-expected truancy 
rate appears to have an exacerbating effect, such that as individual students’ truancy 
increases, his or her probability of past year drinking increases more sharply if he 
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attends a low truancy added school than if he attends a high truancy added school. 
Across the board, students are better off with respect to drinking if they attend a high 
truancy added school. In addition, individual truancy and attending a low truancy added 
school appears to have a multiplicative effect, meaning that the slope of the line 
modeling probability of drinking increases more sharply for a low truancy added school 
than a high truancy added or average school.   
Post-hoc analyses without control for baseline substance use  
After examining results from all analyses in Aims 2 and 3, I considered the 
possibility that controlling for Wave 1, or baseline, substance use could have caused 
effects of the school context variables to be attenuated more than was warranted. In 
longitudinal studies of substance use behaviors, we know that prior use is one of the 
best predictors of current use, and most researchers advise controlling for it (Aveyard, 
Markham, & Cheng, 2004; W. A. Markham, et al., 2008; West, et al., 2004). However, 
the design of the Add Health study and the wording of the substance use items caused 
me to reconsider. In terms of design, there is only one year between Waves 1 and 2, 
which means that with predictors and controls measured at Wave 1 and outcomes 
measured at Wave 2, I was essentially trying to quantify effects of the school context on 
behavior change over a 1 year period. Further, while substance use items in the Wave 1 
questionnaire asked students if they had ever in their lives “tried cigarette smoking (even 
just 1 or 2 puffs),” “had a drink of beer, wine, or liquor- not just a sip or taste of someone 
else’s drink- more than 2 or 3 times in your life,” or ever used marijuana, the items in 
Wave 2 asked students if they had smoked cigarettes, drunk alcohol or used marijuana 
since the (computer generated) month of the last interview (Wave 1 survey). Thus, 
unlike in many longitudinal studies where “ever used” is asked at each wave and 
behavior between waves is derived using changes in “ever used,” engagement in 
substance use during the year between time points of this study was discernible without 
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considering the wave 1 response. Given the short time between waves and the complete 
information on past year behavior provided by Wave 2 substance use items, I re-ran all 
prior analyses without the control for baseline use in the models.  
Results from this probe were remarkably similar to those reported above, 
particularly with respect to the level 2 school context variables, which were the focus of 
the study. Differences in results were limited to the following: For the models of 
likelihood that a student smoked in the past year, school disconnectedness had a 
positive and significant beta coefficient, and school institutional disengagement had a 
negative and significant beta coefficient when baseline “ever smoked” was dropped as a 
control. For the models of likelihood that a student engaged in heavy drinking in the past 
year, truancy added had a negative and significant beta coefficient when baseline heavy 
drinking was dropped as a control variable. In the models that included cross-level 
interactions two additional significant relationships were found when baseline use was 
not entered as a control variable; Wald tests and beta coefficients were statistically 
significant for the association of student academic trouble * school academic trouble with 
likelihood of drinking in the past year and for the association of days skipped * truancy 
added with likelihood of using marijuana in the past year. Since the results produced 
when controlling for baseline substance use constitute a more conservative approach 
and meet with recent recommendations for examining the effects of school context on 
substance use, I have presented the original results in detail, while providing a brief 
description of the post hoc probe into the effects of removing control for baseline.  
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Aim 4 
Aim 4 is to examine the extent to which the independent and interactive effects of 
school value-added predictors and school ethos predictors on substance use vary 
according to school level by conducting stratified analyses among middle and high 
schools.  
 
Aim 4, Hypothesis 1: The hypothesized relationships between school value-
added dimensions (school achievement added and school truancy added) 
and student substance use and school ethos dimensions (school 
disconnectedness, school academic trouble, and school institutional 
disengagement) and student substance use (outlined in Aim 2, Hypotheses 
1a-2c; and Aim 3, Hypotheses 1a-2b) will vary by school level, such that the 
influence of each school level variable on student substance use will be 
greater for middle school youth than for high school youth.  
 
Under Aim 4, I examined the extent to which the nature and strength of 
relationships between the school contextual variables and substance use vary among 
middle versus high school students. First, null models were estimated to determine 
intraclass correlation coefficients (ICCs) for each substance use outcome in the two 
samples. Table 43 shows the between- school variance estimates from the null models, 
their standard errors, and the pseudo ICCs appropriate for models with binary outcomes 
(Bauer & Curran, 2009; Raudenbush & Bryk, 2002).  
As in the main analyses, each variance estimate is more than twice its standard 
error, and each ICC estimate is in the range of those found in prior multilevel studies of 
substance use among students nested in schools (Bauer & Curran, 2009; S. T. Ennett & 
Haws, 2010). These findings support moving on to include predictors in the multilevel 
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models. With the exception of smoking, ICCs are higher at the high school level than at 
the middle school level, suggesting that compared to middle schoolers, a greater portion 
of the variance in substance use among high school students is attributable to the school 
one attends. This is contrary to what I expected.  
Main effects analyses are presented by substance use outcome, with middle and 
high school models presented side by side (see Table 44, Table 45, Table 46, Table 47). 
In these models, all predictors and controls were grand-mean centered in order to 
appropriately control for the effects of the level 1 covariates (Enders & Tofighi, 2007). 
Under Aim 2, findings were presented for models testing value-added predictors, then 
school ethos predictors, and then combined models. For the sake of parsimony, only the 
combined models are presented for the stratified analyses. The findings from the models 
testing predictors separately were not significantly different from the combined models. 
Thus, tables presenting results from the combined models adequately describe the 
findings. Across all models (middle and high school for all sets of predictors), no level 2 
predictors were found to have a significant relationship with likelihood of past year 
smoking or heavy drinking.  
Among high school students, but not middle school students, achievement added 
(OR= 0.86, 95% CI (0.76, 0.99)) and truancy added (OR=0.89, 95% CI (0.80, 0.99)) 
were significantly related to likelihood of past year drinking in the combined model only. 
This means that for the average high school student, as achievement added increased, 
his or her odds of drinking decreased, compared to students in an average school. This 
is consistent with our initial hypothesis about the effects of achievement added. 
However, the results also suggest that for the average high school student, as truancy 
added in his/her school increased, his or her odds of drinking decreased. This is not 
consistent with our initial hypothesis about the effects of truancy added.  
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Among middle school students, but not high school students, school 
disconnectedness had a significant effect on likelihood of past year marijuana use in 
both the school ethos (OR= 3.76, 95% CI (2.06, 6.87)) and combined (OR=4.75 , 95% 
CI (2.5, 8.0)) models. This means that for an average middle school student, as his/her 
school’s disconnectedness increased, his or her own odds of marijuana use increased 
markedly compared to those of an average student in an average school.  
The final step in the stratified analysis was to include cross-level interactions 
between the four of the school level predictors and their individual analogs in the 
models. For three outcomes-- likelihood of having smoked in the past year, likelihood of 
having engaged in heavy drinking in the past year, and likelihood of having used 
marijuana in the past year-- Wald tests were non-significant for all three models (value-
added predictors only, school ethos predictors only, and all predictors combined) among 
both middle and high school samples. For the outcome likelihood of having drunk 
alcohol in the past year, among high school students, Wald tests of moderation models 
were non-significant for all three models. However, in the middle school sample, Wald 
tests suggested that the models with interactions explained a significant amount of 
variance in the drinking, and thus, cross-level interactions were probed further to 
examine the nature of the relationships. For the value-added model, the Wald statistic 
equals 11.15 with 2 degrees of freedom, and the p-value is 0.0038. For the ethos model, 
the Wald statistic equals 6.46 with 2 degrees of freedom, and the p-value is 0.0395. For 
the combined model, the Wald statistic equals 18.50 with 4 degrees of freedom, and the 
p-value is 0.0010. The combined model captured all three significant interactions. Table 
48 shows results from estimating the combined model. Note that odds ratios have been 
computed from unstandardized log odds estimates, which is consistent with 
recommendations from Frazier, Tix, and Barron (Frazier, et al., 2004).   
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Figure 9, Figure 10, and Figure 11 show the results of probing the interactions. 
Plots show the continuous level 1 predictors on the x or horizontal axis and probability of 
having drunk alcohol in the past year on the y or vertical axis. Three lines are plotted on 
each graph, one for schools that are above average (+1 standard deviation), one for 
schools that are average (at the mean), and one for schools that are below average (-1 
standard deviation) on the level 2 variable or moderator.  
Take first the interaction of student GPA with school achievement added. Its plot 
shows an antagonistic relationship (Frazier, et al., 2004), in which the nature of the 
relationship between GPA and the probability of drinking is in a different direction for 
students at schools characterized as higher achievement added versus lower 
achievement added. For students in a high achievement added school, the probability 
that a student drank in the past year increased as his or her GPA increased. However, 
for students in a low achievement added school, the probability that a student drank in 
the past year decreased as his or her GPA increased. For students in an average 
achievement school, there was virtually no relationship between GPA and probability of 
drinking alcohol in the past year.  
Next, consider the interaction between student disconnectedness (level 1) and 
school disconnectedness (level 2). For students in a school with low disconnectedness, 
the probability that a student drank alcohol in the past year decreased as his or her own 
disconnectedness increased. Likewise, for a student in an average school, the 
probability that he or she drank alcohol in the past year decreased as his or her own 
disconnectedness increased, but the slope was not as steep, meaning the effect of 
student disconnectedness on drinking was less strong in this type of school. For 
students in a school with a high disconnectedness, the probability that a student drank in 
the past year was virtually the same regardless of a student’s own disconnectedness 
from school. Thus, for students who were highly connected to school, attending a school 
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with high disconnectedness had a protective effect with respect to probability of drinking 
alcohol, while attending a school with low disconnectedness (or high connectedness) 
exacerbated risk when compared to a school with an average or high disconnectedness. 
For students who were disconnected from school, attending a school with low 
disconnectedness was more protective, with an average school being slightly worse and 
a school with high disconnectedness being the worst environment for a disconnected 
student. 
I expected to find a consistent positive relationship between student 
disconnectedness and drinking among middle school students, such that as student 
disconnectedness increased, the probability of having drunk alcohol in the past year 
would increase. I expected this relationship to be exacerbated by a high overall 
disconnectedness in one’s school. However, I found that as student disconnectedness 
increased, probability of drinking decreased. Further, I found that for students who were 
highly connected to school, low disconnectedness exacerbated risk. For students who 
were disconnected from school themselves, low disconnectedness was protective, while 
high disconnectedness exacerbated risk, as expected. 
Finally, consider the interaction between student academic trouble (level 1) and 
school academic trouble (level 2). For students in a school with low academic trouble, 
the probability of a student drinking alcohol in the past year increased sharply as his or 
her perceived academic trouble increased. This relationship is similar for students in an 
average school, with respect to academic trouble, but the relationship was less strong, 
as shown by the lower slope. Likewise, for students in a school with high academic 
trouble, the probability of a student drinking alcohol in the past year increased as his or 
her perceived academic problems increased, but the slope was even more flat in this 
case, suggesting that being in a high academic trouble school has a protective effect on 
the relationship between student academic trouble and probability of drinking among 
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middle school students. Another way to think of this is in consistency between the 
students’ experience and the overall academic trouble. In this framework, the positive 
relationship between perceived academic trouble and probability of having drunk alcohol 
becomes stronger as students’ own experiences become less consistent with that of the 
student body overall. 
I expected to find a consistent positive relationship between student academic 
trouble and drinking among middle school students, such that as perceived academic 
trouble increased, the probability of having drunk alcohol in the past year would 
increase. I expected this relationship to be exacerbated by high academic trouble in 
one’s school. I did find a consistent positive relationship between perceived academic 
trouble and probability of drinking alcohol. However, I found that low academic trouble, 
rather than high academic trouble, exacerbated risk. 
Aim 4, Hypothesis 1 states that the effects of the school context variables will 
follow the same general pattern as the relationships hypothesized under Aims 2 and 3, 
but that there will be stronger effects among the middle school cohort than the high 
school cohort. This was clearly not the case. The ICCs for substance use outcomes 
were higher in the high school sample than in the middle school sample. In the main 
effects analyses, very few of the school-level predictors were found to be statistically 
significant, and there was not a distinct pattern of stronger relationships at the middle 
school level. Across all outcomes, there were not strong findings with respect to cross-
level interactions. The one exception was in the case of drinking. In the models testing 
the effects of cross-level interactions on odds of drinking in the past year, findings were 
different among the middle and high school samples. The middle school model with 
moderators fit the data well, and it revealed three statistically significant cross-level 
interactions. Thus, more statistically significant cross-level interactions were found 
among the middle school sample, as was hypothesized. 
71 
 
Discussion 
In the current study, I applied the Theory of Health Promoting Schools (HPS) to 
an examination of school influences on substance use among a nationally representative 
sample of American middle and high school students. Guided by recent work in the U.K. 
using the Theory of HPS, I developed two sets of school context measures, assessed 
the evidence related to their validity, and examined their effects on student smoking, 
drinking, heavy drinking, and marijuana use over a one year period. While there was a 
moderately strong case for construct validity of the measures, with mostly expected 
relationships among predictors and between predictors and outcomes at the ecological 
level, results from the multilevel models were more nuanced. Each set of results will be 
summarized in turn. Then, results will be interpreted and placed in context with respect 
to the larger body of research, and implications for future research will be described.  
Summary of findings from Aim 1, Measure development 
According to the Theory of HPS, students who attend value-added schools will 
be less likely to engage in substance use than students who attend non-value-added 
schools. In the current study, I developed two sets of measures as indicators of the 
health promoting nature of schools: school value-added and school ethos. The school 
value-added measures included school achievement added and school truancy added, 
which captured the extent to which schools were doing better or worse than expected on 
achievement and truancy given the social composition of the school. These measures 
have been proposed as objective (i.e. not drawn from student perception) proxies for the 
health promoting quality of the school. The latent construct school ethos is thought to be 
a more subjective measure of the health promoting nature of schools. The school ethos 
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measures, derived from two rounds of exploratory factor analysis, included school 
academic trouble, school disconnectedness, and school institutional disengagement.  
Under Aim 1, I used a similar approach to that specified by Aveyard et al. (2004) 
to develop the school value-added constructs. The approach involved a) selecting 
indicators of student adherence to instructional and regulatory orders of the school, b) 
accounting for the proportion of school variance on those indicators explained by the 
socio-demographic factors thought to drive them, and c) computing the residual as an 
indicator of the value added by each school in each domain. To develop the school 
ethos constructs, I used work by West et al. (2004) as a starting point, and expanded on 
it based on prior U.S. research related to school culture and appropriate analytical 
methods for development of scales to measure latent variables.  
Construct validity focuses on theoretical expectations related to an indicator; it is 
described as the extent to which the indicator or measure performs as the expected 
underlying variable is expected to perform (Carmines & Woods, 2005). Predictive validity 
merely conveys the extent to which the predictor is associated with the outcome. 
Predictive validity is necessary but not sufficient to demonstrate construct validity 
(DeVellis, 2003). In terms of predictive validity, both measures of school value-added 
(school achievement added and school truancy added) were moderately associated with 
each substance use outcome in the expected direction at the school level. For the 
school ethos measures, school disconnectedness was moderately associated with each 
substance use outcome in the expected direction. Associations between school 
institutional disengagement and substance use outcomes were less strong, but in the 
expected direction. School academic trouble, however, was weakly to moderately 
associated with substance use outcomes, but in the opposite direction than expected—
as overall school academic trouble increased, the proportion of students who engaged in 
substance use over the past year decreased. Thus while there was some evidence for 
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predictive validity of the school academic trouble measure, the fact that the relationships 
were in the opposite direction than expected diminishes overall construct validity, which 
is concerned with the theoretically specified relationship.  
Evidence of convergent validity supports overall construct validity. Convergent 
validity conveys similarity among measures thought to tap the same underlying construct 
(DeVellis, 2003). In terms of convergent validity, the two school value-added constructs 
(school achievement added and school truancy added) were moderately associated with 
two school ethos constructs (school disconnectedness and school institutional 
disengagement) in the expected directions. School academic trouble was weakly related 
to school achievement added in the expected negative direction. It also was weakly and 
negatively associated with school truancy added, but this was unexpected; a positive 
association was expected.  
Discriminant validity supports overall construct validity as well. Discriminant 
validity conveys the absence of meaningful associations between predictors that are not 
expected to tap the same construct (DeVellis, 2003) . There was limited evidence of 
discriminant validity with respect to the value-added constructs. The assertion by 
Markham and Aveyard (W. A. Markham & Aveyard, 2003) that value-added schools will 
be found across the whole range of school performance is not strongly borne out in the 
current study. Instead, it appears that as school mean GPA (a raw measure) goes up, 
school achievement added goes up and as school mean truancy (a raw measure) goes 
up, school truancy added goes up, with correlation estimates for both sets of variables 
greater than 0.80. Further, associations between school mean GPA (i.e. “raw 
achievement” rather than “achievement added”) and the three constructs of school 
ethos, as well as between school mean truancy (i.e. “raw truancy” rather than “truancy 
added”) and the three constructs of school ethos follow similar patterns to those 
displayed for the respective value-added measures, only the correlations with the raw 
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measures of school achievement/ truancy and school ethos constructs are stronger. 
However, as predicted by the theory, we do see stronger associations between school 
achievement added and substance use outcomes than between school mean GPA and 
substance use outcomes. We see approximately equivalent associations for school 
truancy added and school mean truancy with the substance use outcomes. Thus, the 
case for proceeding with the school value-added measures is not necessarily called into 
question, especially in light of their predictive validity, but it does leave open to question 
whether there is much to be gained by using a residual-based measure versus simple or 
raw measures of school performance, and perhaps a limited set of school-level socio-
demographic controls.  
Summary of findings from Aim 2, Main effects analysis  
Under Aim 2, I specified hierarchical generalized linear models to assess main 
effects of the five school-level predictors on the likelihood of individual student substance 
use over the past year, after controlling for student-level analogs of the school-level 
variables, as well as individual socio-demographic factors, parent factors, and other 
school characteristics. Consistent with prior research, I found that a small but significant 
portion of the variance in student substance use (6 to 12 percent) could be attributed to 
the school students attend.  
When individual predictors were added to the models, they tended to behave as 
expected in the models. Looking across outcomes, as student academic trouble 
increased, odds of smoking, drinking, heavy drinking, and marijuana use in the past year 
increased. Likewise, as student days skipped increased, odds of smoking increased. 
Consistent with expectations, as student GPA increased, odds of smoking, drinking, 
heavy drinking, and marijuana use decreased. Unexpectedly, student disconnectedness 
from school was not significantly associated with any of the substance use outcomes.  
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Effects of the school-level variables were more nuanced with respect to my 
hypotheses. I expected school truancy added to be positively associated with students’ 
likelihood of substance use. However, I found that as school truancy added increased, 
odds of student smoking, and in separate models, student drinking, decreased, after 
controlling for individual socio-demographics, family, and school factors, as well as 
students’ own truancy. I expected school achievement added to be negatively 
associated with students’ likelihood of substance use. However, I found that after 
controlling for socio-demographics, family, and school factors, as well as students’ own 
GPA, it was not significantly associated with odds of student substance use. 
Turning to the measures under the school ethos domain, findings were mixed 
with respect to my hypotheses. Controlling for individual socio-demographics, family, 
and school factors, as well as individual analogs of the school context variables, the 
relationships between school disconnectedness and heavy drinking (in the ethos only 
model) and between school disconnectedness and marijuana use were consistent with 
expectations, such that as school disconnectedness increased, odds of students having 
engaged in heavy drinking or marijuana use increased. However, an increase in school 
academic trouble was associated with a decrease in students’ odds of heavy drinking in 
the past year. Further, as school institutional disengagement increased, odds of student 
drinking and heavy drinking decreased, and there was a marginally significant negative 
relationship between school institutional disengagement and smoking. Given the theory, 
these findings are surprising. 
Summary of findings from Aim 3, Moderation analysis 
In Aim 3, I added cross-level interactions between four of the five school-level 
predictors and their student-level analogs to the multilevel models (there was no student-
level analog for school institutional disengagement). As before, I estimated models that 
included the school value-added predictors only (2 school level predictors plus 2 
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interactions), the school ethos predictors only (3 school level predictors plus 2 
interactions), and then all predictors combined (5 school level predictors plus 4 
interactions). Across the board, there were very few differences in separate models 
(value-added and ethos) compared to combined models. The Wald test, used for 
simultaneously testing multiple interactions, was statistically significant for the regression 
of student drinking on all predictors plus interactions. Of the four cross-level interactions, 
only that of student days skipped * school truancy added was statistically significant. 
Upon probing this interaction, I found that students who attended a high truancy added 
school had lower probability of drinking alcohol in the past year than students in average 
or low truancy added schools, across the range of individual truancy. In addition, there 
was a multiplicative effect with respect to the cross-level interaction, in that as student 
truancy increased, the probability of student drinking increased at a significantly higher 
rate in a low truancy added school than in a high truancy added school. This 
contradicted my hypothesis, which stated that a low truancy added school would have a 
buffering effect on the relationship between student days skipped and odds of drinking.  
Summary of findings from Aim 4, Stratified analysis 
In Aim 4, I stratified the school-based sample into middle and high school 
samples, after dropping the comprehensive schools. I re-ran the analyses from Aims 2 
and 3 on each set of schools separately, the middle schools and then the high schools. I 
hypothesized a priori that school effects on student substance use would be stronger 
and more consistent in the middle school sample than in the high school sample. 
However, my hypothesis was not supported. With the exception of smoking, I found 
greater ICCs for substance use outcomes at the high school level than at the middle 
school level, suggesting that a greater portion of the variance in substance use is 
attributable to school among high school students than among middle school students.  
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Moving on, I found few significant effects of the school-level predictors. Of the 
significant ones, both school achievement added and school truancy added were 
negatively associated with likelihood of high school student drinking. This implies that, 
holding individual socio-demographics, family, and school factors, as well as individual 
analogs and the other school context variables constant, as school achievement added 
goes up, odds of student drinking go down. This finding is consistent with my hypothesis. 
However, under the same conditions, as school truancy added goes up, odds of student 
drinking also go down, which is not consistent with my hypothesis. Among middle school 
students, holding all other predictors constant, as above, school disconnectedness was 
positively associated with likelihood of marijuana use. As in the main analyses, most of 
the relationships between student-level predictors and substance use were in the 
expected direction, however, there was a greater number of non-significant 
relationships. 
In the moderation analyses, I found significant effects of three cross-level 
interactions as they relate to past year drinking among middle school students—student 
GPA * school achievement added, student disconnectedness * school 
disconnectedness, and student academic trouble * school academic trouble. The nature 
of these relationships varied. Looking across all of the significant relationships, one 
summative finding pertains to middle school students who are considered in most 
substance use studies to be “doing well”- those at the higher end on GPA, those at the 
lower end on disconnectedness from school, or those at the lower end on perceived 
academic trouble. For students described this way, attending what’s considered a “good 
school”- a high achievement added school, a school with low disconnectedness, or a 
school with low academic trouble- may carry some added risk. For students who are 
thought to be “doing poorly”- those at the lower end on GPA, those at the higher end on 
disconnectedness, or those at the higher end on perceived academic trouble-- attending 
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a “good school”-- a high achievement added school or a school with low 
disconnectedness-- may buffer risk. However, like their thriving peers, middle school 
students who are not doing as well individually seem to fare less well in a school with 
low overall academic trouble than a school with high overall academic trouble. With 
respect to the Theory of HPS, this is puzzling.   
In sum, the sparse findings from the stratified analyses, compared to the overall 
analyses, suggest that the diminished power of the stratified analyses, due to the much 
smaller number of schools in each sample, could introduce Type II error, or failure to find 
relationships between predictors and outcomes when relationships, in fact, exist. 
Because of the power issues inherent in this analysis, it was considered exploratory from 
the outset. 
The case for validity of the measures 
The relatively new Theory of HPS offers a compelling explanation for the role of 
schools in cultivating opportunities for short and long-term student health and well-being. 
The preliminary tests of the theory as it applies to student substance use in the U.K., 
conducted during the past 7 years, provided an innovative approach to quantifying the 
health promoting nature of schools using a metric called school value-added (Aveyard, 
et al., 2005; Bisset, et al., 2007; W. A. Markham & Aveyard, 2003; W. A. Markham, et 
al., 2008; W.A. Markham, et al., 2012). Simultaneously, a comprehensive study in 
Scotland used a more conventional metric called school ethos to indicate the health 
promoting nature of schools and to study its influence on student substance use (West, 
et al., 2004). Based on the results of these studies, a case for construct validity of school 
value-added and school ethos as indicators of the health promoting quality of schools 
began to emerge, and there was reason to be cautiously optimistic about the promise of 
the Theory of HPS to explain how the school context influences substance use. In the 
current study, I built on the two sets of work by replicating the prior authors’ processes, 
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to the extent possible, in an effort to comprehensively evaluate the utility of the Theory of 
HPS for explaining the influences of school context on adolescent substance use in the 
United States.  
The driving rationale for looking at both school ethos and school value-added in 
the same study was to assess the extent to which they measured the same underlying 
construct, which has implications for construct validity, particularly in the case of school 
value-added, a new measure (or set of measures). Further, the distinct and 
complementary properties of the two sets of measures provided an opportunity to flesh 
out, empirically, how the Theory of HPS should be operationalized in research.  
In order to test the overlap between measures, I considered the bivariate 
relationships between them, as well as the extent to which their effects were attenuated 
when included together in the multilevel models. The bivariate relationships between the 
predictors and the outcomes at the school level, as well as the strength and direction of 
associations found in the multilevel analysis provided additional evidence related to 
validity. Recently, the original authors undertook a similar endeavor, using the data set 
that West and colleagues (2004) had used previously for the study of school ethos. 
Although they proceeded somewhat differently, regressing individual-level assessments 
of four dimensions of school ethos (similar to student disconnectedness and student 
academic trouble in the current study) on school value-added and other controls, they 
found that school value-added measures were unrelated to school ethos measures and 
they found no suggestion that the school ethos measures mediated the relationships 
between school value-added and student substance use (W.A. Markham, et al., 2012). 
In the current study, while I found evidence of predictive validity of most of the 
school level constructs, which suggested continuing with the multilevel analyses, overall 
evidence of construct validity was less convincing. First, I present issues related to the 
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school value-added measures, and then I present issues related to the school ethos 
measures.  
Validity of school value-added measures. 
Prior derivations of school value-added, including the studies by Markham, 
Aveyard and colleagues (Aveyard, et al., 2005; Aveyard, Markham, Lancashire, et al., 
2004; Bisset, et al., 2007; W. A. Markham, et al., 2008) as well as the first and only other 
application in the United States by Tobler et al. (2011), were based on achievement and 
truancy measures that differed in two important ways from mine: 1) they were 
standardized across schools, and 2) they were collected by researchers from a central 
authority, such as a state or national office of education. Achievement indicators in the 
U.K. and Scotland were passing rates on national achievement tests tied to the common 
national curriculum, while the achievement indicator used in the other U.S. study was 
based on student scores on newly mandated statewide end of course and end of grade 
tests, also tied to the state curriculum standards. In contrast, the current study drew on 
data collected in the mid 1990’s from a nationally representative sample of U.S. middle 
and high school students. Thus, there were no common metrics for achievement across 
all jurisdictions. After considering all available options, the best indicator of school 
achievement for the derivation of school achievement added was an aggregate of self-
reported grade point average for the four main subjects. School truancy indicators in all 
prior studies were similar in nature to mine (school mean of days or half-days skipped 
without an excuse), but they were based on official attendance records, rather than 
student self-report, which was used in the current study. Both official attendance records 
and self-reported truancy are potentially subject to multiple sources of bias, but the 
official records versus self-report is an important distinction. Further, in all of the prior 
studies, the data supported forming a unidimensional construct that included both school 
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achievement added and school truancy added (my terms). With a correlation of -0.46, I 
did not find support for combining the two to form a single school value-added variable. 
While I found some evidence of convergent validity, indicated by significant 
associations among school value-added constructs and school ethos constructs, I found 
limited evidence of discriminant validity, demonstrated by strong positive relationships 
between school achievement added and raw school achievement  (r=0.83) and between 
school truancy added and raw school truancy (r=0.87), rather than no relationship. I also 
found similar or stronger relationships between the raw measures and substance use 
compared to the value-added measures and substance use (rather than stronger 
relationships between value-added measures and substance use). With respect to 
school achievement added, a possible explanation for weak discriminant validity is that 
grades are assigned by teachers, and are by nature, subjective. Perhaps, grading scales 
and grades are “adjusted” by teachers a priori based on expectations of students, given 
their socio-demographic status. This could have been more problematic in the mid 
1990’s than it is today, as we are engaged now in national debates about achievement 
standards, rubrics, and discrimination toward learners of different backgrounds. It is 
possible that school truancy added also could have been adjusted for expectations by 
the students reporting it, such that in schools where student composition suggests 
higher truancy, students might inflate their personal truancy, while students in schools 
where truancy is expected to be low would be more inclined towards social desirability 
and deflate or at least report honestly, their personal truancy. In sum, school 
achievement added and school truancy added, as constructed in this study, are 
reasonable measures in light of the original goal to replicate the methods used 
previously in order to test the Theory of HPS. However, given the findings, the school 
value-added measures are not extremely strong, which reflects limitations related to 
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what was available for secondary analysis rather than an inherent flaw in the theory or 
the method prescribed. 
Validity of school ethos measures. 
The hypotheses related to construct validity of the school ethos measures-- 
school disconnectedness, school academic trouble, and school institutional 
disengagement-- were mostly supported. One outlier was school academic trouble, 
which was negatively associated with both school achievement added and school 
truancy added, as well as prevalence of student substance use in the descriptive 
analysis, and which remained negatively associated with student odds of heavy drinking 
and marijuana use in the multilevel analyses. This is difficult to interpret. One expects 
that as school academic trouble increases, school achievement added will decrease, but 
one expects a positive relationship with school truancy added and with the substance 
use outcomes. One also expects that as schools’ academic trouble increases, students 
attending those schools will be more likely to engage in substance use.  
The school academic trouble scale, comprised of four Likert scale items asking 
about frequency of trouble getting homework done, getting along with teachers, paying 
attention in class, and getting along with other students, had high internal reliability, 
indicated by Cronbach’s alpha=0.84. Its individual analog was positively associated with 
substance use, such that as student academic trouble increased, students’ odds of 
substance use increased. A possible explanation, discussed in more detail below, is that 
schools with a high level of academic trouble are frequently targeted for extra resources 
(e.g. teachers, school resources officers, intervention programs) and may introduce 
tighter controls, which could mediate the relationship between academic trouble and 
prevalence of substance use as well as truancy. With the exception of this issue, 
predictive and convergent validity of the school ethos constructs was demonstrated. 
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In a rigorous evaluation of the validity of the school ethos measures, one other 
issue stands out. This relates to content validity, a type of validity not explicitly 
addressed in the study because it cannot be evaluated empirically. Content validity 
conveys how completely a construct is measured by the given set of indicators; it is 
informed by exhaustive review of the literature, and it is primarily judged by expert input 
(DeVellis, 2003). While the constructs I derived aligned relatively closely with those 
derived by West et al. (2004), I was unable to include any assessment of the schools’ 
physical characteristics (as they did), and my assessment of the quality of relationships 
in the school, a key aspect of ethos, was limited to items related to problems getting 
along with teachers and other students. The student items pertaining to school policy, a 
commonly suggested element of school ethos, did not demonstrate shared variance with 
the other items I included in the factor analysis, so they were eliminated. Based on the 
literature broadly dedicated to school climate or school context, it is reasonable to 
suggest that school disconnectedness, school academic trouble, and school institutional 
disengagement, as used in this study, more closely represent the school-level aggregate 
of student bonding to school than school ethos (Libbey, 2004; Maddox & Prinz, 2003).  
The factor analyses I conducted demonstrated the multi-dimensionality of the 
school ethos measure, which is an important contribution of the study. West et al. (2004) 
computed an overall school ethos score from the mean of four scales derived from 
student perceptions of the school experience with no apparent justification for treating 
them as unidimensional. Obviously, the school ethos measures were limited to what was 
available in the Add Health data set. However, there are likely additional dimensions to 
school ethos, which were not measured in the current study. Literature on school ethos 
suggests that it is a complex construct; that it is related to school “culture” and school 
“climate,” but that it is not a synonym of either, and that it is not a singular construct, but 
rather multi-dimensional (McLaughlin, 2005). McLaughlin (2005) cites a Scottish 
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Initiative on school ethos that included 12 ethos indicators and an Irish initiative that 
examined 21 different aspects of school life to indicate ethos. Vilijoen et al. (2005) 
suggest that capturing school ethos requires input from a variety of stakeholders and 
that proper measure development should involve both qualitative and quantitative study. 
This presents an opportunity for future work.  
In assessing the extent to which the two sets of measures, those under the 
school value-added domain-- school achievement added and school truancy added-- 
and those under the school ethos domain-- school disconnectedness, school academic 
trouble, and school institutional disengagement— were measuring the same underlying 
construct, I found that any significant effects that were found when the predictors were 
modeled one set at time were not substantially attenuated when the student outcomes 
were regressed on the two sets of predictors simultaneously. Thus, consistent with what 
Markham and colleagues (2012) found recently, the current study suggests that the 
school value-added and school ethos variables are tapping different underlying latent 
constructs. 
Unexpected relationships between school contextual variables and student 
substance use 
The findings from the multilevel analyses looking at main effects of the five 
school level predictors on student substance use, after controlling for individual socio-
demographic factors, parent factors, school factors, and individual analogs of the focal 
predictors, were mostly different than expected. Though significant effects of predictors 
on the outcomes were somewhat sparse, a general theme emerged. School 
disconnectedness, which conveys a collective lack of closeness to people at school, not 
feeling part of the school, not feeling safe at school, and not feeling happy to be at one’s 
school, was positively associated with odds of heavy drinking and odds of marijuana use 
in the past year. These relationships were in the expected direction, and they align with 
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both the Theory of HPS and prior research, (e.g. Battistich and Hom, 1997; Henry and 
Slater, 2007). However, school academic trouble, school institutional disengagement, 
and school truancy added each had negative relationships with one or more substance 
use outcome, which was counter to the theory-based hypotheses.  
Thus, a critical question emerges. Are these unexpected findings simply a 
statistical artifact, resulting from some combination of imperfect measures and 
constrained models, or is there something more theoretically significant occurring with 
respect to the contextual influences on student substance use? While the argument for a 
statistical artifact is somewhat compelling, in light of the mixed results on measure 
validity and the limited capacity for modeling random effects in the HGLM framework, the 
argument for a theoretically significant phenomenon merits consideration. It turns out 
that the counter-intuitive findings in the current study are not unprecedented. In the 
recent multilevel study by Markham et al. (2012), in which the relationships between 
school value-added, school ethos, and four main substance use outcomes were 
examined, school value-added was positively associated with odds of student smoking 
and (young) student drug use, meaning that high value-added status (an indicator of a 
health promoting school) was associated with increased odds of smoking and drug use, 
after controlling for socio-demographic factors and student perceptions of school ethos 
(individual level). In the study by Markham et al. (2012) study, effects of school value-
added and school ethos on substance use outcomes were similarly sparse, or even 
more so, with no statistically significant effects of school value-added or school ethos on 
odds of student drinking.  
Dating back to 1997, Ennett et al. found evidence of between-school differences 
in lifetime alcohol and cigarette use (ever used) and current cigarette use among a 
heterogeneous sample of fifth and sixth graders. However, counter to their hypotheses, 
they found that alcohol and cigarette use (every used) rates were higher in schools 
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located in socially advantaged neighborhoods. Such neighborhoods were characterized 
as places where people help each other, where there are ample recreational 
opportunities for children, and where people feel safe walking alone. They tended to 
have lower population density and less residential turnover. A significant school level 
correlate was high ratings of perceived safety at school among students. Ennett et al. 
(1997) cited several earlier papers that had found similar results at the high school level 
(e.g. O’Malley, Bachman, and Johnson, 1988; Skager and Fisher, 1989). At the time, 
these findings were considered inconsistent with theory, but because of methodological 
limitations, such as insufficient sample size to conduct multilevel analyses, there was 
ambiguity in terms of whether the findings were a measurement or methodological 
artifact, or alternatively, they were illustrative of a theoretically significant relationship 
between school and/or neighborhood context and adolescent substance use.   
More recently, in a 2009 multilevel study using Add Health data, Botticello found 
that, students who attended schools in socio-economically advantaged communities, 
schools with predominately non-Hispanic white students, and schools located in 
suburban areas were at elevated risk of heavy drinking (Botticello, 2009). In another 
multilevel study using Add Health data, Wight, Botticello, and Anesheusel (2006) 
reported that students living in areas characterized by high socio-economic 
disadvantage were less likely to engage in minor delinquency (i.e. shoplifting, damaging 
property, lying about whereabouts) than students living in more advantaged areas. 
Further, household income was positively associated with odds of engaging in minor 
delinquency. This small but growing body of research suggests that re-evaluation of 
current theory is crucial.    
According to the Markham and Aveyard (2003), schools take on the values of the 
dominant social class. Thus, students from the dominant social class are expected to 
fare best, as the school’s values are consistent with their family and cultural values. 
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They posit that in a health promoting school, students of all backgrounds will be more 
likely to take up the school’s values, as the support and control offered by the school is 
authoritative in nature, which is viewed as optimal for facilitating youth development. 
They reason that health promoting schools can be identified by looking at the school’s 
outcomes in two main areas, academic achievement and student compliance with the 
school’s rules, one of which is mandatory daily attendance. Those achieving better than 
expected outcomes are deemed “value-added schools” because they are reaching their 
school demographic above and beyond the level expected (W. A. Markham & Aveyard, 
2003).  
The counter-intuitive results found in the current study, as well as some of the 
others cited here, offer an opportunity to consider possible misspecifications of the 
theory. However, with its grounding in several prior theories and its plausible logic, I 
suggest that the theory itself may be sound, while a related assumption may be 
erroneous. Consider the values element. The theory’s authors state that schools are 
assumed to be anti-substance use ((Aveyard, Markham, Lancashire, et al., 2004), p. 
1768); this is a common assumption. However, I propose that perhaps American schools 
are not necessarily anti-substance use, especially if it is true that schools take on the 
values of the dominant social class. Drinking alcohol, in particular, is common among 
U.S. adults and is generally considered prosocial among the dominant class, as long as 
it is done in moderation. In 2001, an estimated 64% of U.S. adults had used alcohol in 
the past 12 months. Those with less than a high school education and those who were 
unemployed were most likely to be abstainers, and number of days on which participants 
used alcohol in the past year increased as education level (ranging from less than high 
school to four or more years of college) and employment status (ranging from 
unemployed to full time employed) increased (Substance Abuse and Mental Health Data 
Archive (SAMHDA), 2008). Research in the U.S. and the U.K. has shown that moderate 
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alcohol consumption is most common among adults of higher socio-economic status 
(Caetano & Clark, 1999; Greenfield, Midanik, & Rogers, 2000; Marmot, 1997). A 1999 
study by Caetano et al. (approximately contemporaneous with Add Health Waves 1 and 
2) based on two U.S. national probability samples of adults found that higher levels of 
income and higher levels of education were associated with more liberal situational 
norms and attitudes towards drinking. These elevated norms and attitudes were, in turn, 
positively associated with adults’ current and heavy drinking. Turning to youth substance 
use, by some accounts, it is considered normative for adolescents to experiment with 
alcohol (and other gateway substances, like cigarettes and other forms of tobacco, as 
well) (S. T. Ennett, et al., 1997; W.A. Markham, et al., 2012).Thus, while schools’ 
policies may prohibit substance use on school property, the norms and behaviors 
portrayed by the adult role models in schools may send a different message. If in fact, 
schools are not explicitly anti-substance use, then perhaps the theory still holds up, but 
with value-added schools having a neutral or an exacerbating relationship on the 
development of substance use rather than protecting against it.  
Another related explanation, particularly with respect to drinking alcohol, but 
perhaps other substance use outcomes too, is that tightly knit schools with high levels of 
student involvement, small classes, good attendance, and/or students who collectively 
feel good about their academic progress provide opportunities for students to form peer 
groups or cliques that socialize together outside of school. These cliques can facilitate 
planning and execution of activities involving substance use, since such activities often 
require some extra coordination for under-aged youth (i.e. covert buying). In their 2006 
paper, Wight et al. suggested that perhaps students in advantaged communities, in 
contrast to those in disadvantaged communities, do not view the consequences of minor 
illegal activity as detrimental to their futures. Perhaps this applies to the substance use 
outcomes I examined as well—students in health promoting schools may be socialized 
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to consider some substance use normative and they may trust that any negative 
consequences of doing it will not be extremely harsh. In contrast, perhaps students in 
more “troubled” schools have experienced the harsh consequences of (even minor) legal 
infractions, and are more inclined to resist substance use, as consequences could be 
harsh.  
Yet another possible explanation (mentioned earlier) is that schools that are not 
considered health promoting, for example, those with high institutional disengagement, 
high academic trouble, and/or high school truancy added, are more tightly controlled and 
provided with more intervention resources, which in turn reduces the likelihood of 
student substance use. This would imply that there is a mediator or set of mediators that 
were not explored in the current study, but that are nevertheless operating to negatively 
influence student smoking, drinking, and heavy drinking. 
These possible explanations are obviously speculative, and, as such, should be 
considered with caution. However, it is interesting that the individual level predictors 
operated as expected, while the school level predictors, for the most part, did not. This 
suggests that there are complex relationships between elements of the school’s ethos or 
context and student substance use, and that these relationships are not adequately 
described as simple aggregates or school-level analogs of the individual-level 
relationships which have been well-documented. 
Limited support for moderation 
My decision to specify the influence of the school-level predictors as moderators 
of the relationships between the individual analogs and substance use was grounded in 
my substantive interpretation of the Theory of HPS, as described by Markham and 
Aveyard (2003) and in related literature (e.g. Darling and Steinberg, 1993; Wilcox, 2003). 
However, the current study marks the first examination of the school level predictors as 
moderators in a study based on the Theory of HPS. Of the four cross-level interactions 
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tested in models predicting all four substance use outcomes, only one cross-level 
interaction was found to be statistically significant. However, in light of the sparse main 
effects and the fact that I only constructed cross-level interactions between the four 
school-level predictors and their individual analogs, rather than trying all possible 
combinations of school and individual level predictors, the results are not overly 
surprising.  
The nature of the interaction between student days skipped and school truancy 
added was consistent with the findings from the main effects analysis, only it showed the 
increased slope or exacerbation of risk introduced when increasingly truant students 
attend a low truancy added school. Overall, students attending high truancy added 
schools were less likely to drink alcohol than those attending low truancy added schools. 
In addition, the increase in likelihood of drinking alcohol as individual truancy increased 
was much steeper for those attending low truancy added schools than for those 
attending high truancy added schools. As proposed previously, this could be related to a 
more relaxed discipline climate in low truancy added schools, which inadvertently 
conveys a more permissive attitude towards deviant behavior.  
Moderate support for differences across school levels   
By stratifying the sample and re-evaluating my analytical hypotheses among 
middle school students and high school students separately, I was able to assess the 
extent to which there might be trends in terms of the overall impact of the school context 
and the relative importance of certain aspects of it for each age group. As stated in the 
summary, I found a higher intraclass correlation coefficient (ICC) for middle school 
student smoking compared to high school student smoking, but for all other outcomes, 
ICCs were higher at the high school level. The finding of greater ICCs at the high school 
level is consistent with findings by West et al. (2004) in their school ethos study.  
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Once predictors were entered into the models, findings were similar to those from 
the main analyses, only they were somewhat more sparse. This is most likely due to the 
reduced power to detect effects in the stratified sample given the significant reduction in 
sample sizes (from 127 schools in whole sample to 57 and 51 schools in the stratified 
samples). Importantly, the main themes remained the same, with school truancy added 
and school institutional disengagement exerting a protective influence against student 
smoking, drinking, and heavy drinking for parts of the sample, and with school academic 
trouble trending towards being protective across all substance use outcomes, though not 
statistically significant. Thus, the same alternative explanations that I proposed with 
respect to the main analyses apply here. One notable difference that emerged in the 
stratified analyses was the significant influence of three cross-level interactions on the 
likelihood of middle school student drinking.  
Based on findings from the prior multilevel studies that informed the current study 
(e.g. Aveyard et al., 2004; Bisset et al., 2007; West et al., 2004), I expected the effects of 
variables in the school value added domain-- school achievement added and school 
truancy added-- and the school ethos domain-- school disconnectedness, school 
academic trouble, and school institutional disengagement-- on substance use to be 
greater among middle school students than among high school students. This was not 
the case. Possible explanations could be design-related or they could be more 
substantive. In terms of design, the Add Health study sampled students in grades 7 
through 12 at Wave 1. Since many middle schools cover grades 6 through 8, a third of 
the middle school’s sample could have been left out, which would bias both the 
predictors and the outcomes in unknown ways. Considering the more substantive 
explanation, it could be that middle school students are still protected to some extent by 
their elementary school experiences, and that the influence of the middle school context 
is somewhat delayed. By high school, perhaps the influence of the middle school context 
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is playing out and over time, it is being integrated with the influence of the high school 
context, such that the school effects that are detected among high school students 
represent a combination of experiences. West et al. (2004) alluded to this when they 
suggested that controlling for effects of the elementary school experience was required 
for high quality studies of the influence of school ethos on adolescent substance use. In 
addition, it is worth noting that cross-level interactions among three school level 
predictors and their individual analogs had a significant influence on middle school 
drinking. This suggests that the nature of the school influence is complex, and that 
perhaps with stronger measures and improved study design, a more complete 
understanding could be developed. In sum, it is not possible to determine, based on the 
current study, the relative importance of the school context, or certain dimensions of it, at 
each school level with respect to the likelihood of student substance use. In light of 
reduced statistical power and the possible loss of school-level information caused by 
sampling from the 7th grade up, we cannot be sure if, in fact, contextual effects are more 
relevant in high school or not. And without data from elementary school, we cannot 
determine how the longitudinal influence of school context unfolds.  
Conclusion 
Given the pervasive threat of substance abuse, and the widespread notion of 
adolescence as a sensitive period for initiation of substance use, the notion that 
evidence-based population-centered prevention strategies at the environmental and 
policy levels could one day be developed is highly motivating (W. A. Markham & 
Aveyard, 2003; Rose, 1992). However, development of such strategies requires 
understanding how relevant environmental or contextual factors affect adolescent 
substance use. For more than thirty years, there has been interest in how the school 
context, above and beyond individual student characteristics, affects various adolescent 
academic, social, and health outcomes (e.g. Anderson, 1982; Bronfenbrenner, 1979; 
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Rutter et al., (1979)). In some respects, considerable progress has been made. A body 
of empirical work demonstrating school level differences in student substance use has 
been produced, and ecological and multilevel studies have been used to demonstrate 
etiological effects of various individual and school level risk and protective factors on a 
variety of substance use outcomes (Aveyard, Markham, & Cheng, 2004; S. T. Ennett & 
Haws, 2010). To a lesser extent, theoretical explanations for the influence of the school 
context have emerged. The Social Development Model (Hawkins & Weis, 1985), Elliott’s 
Integrated Theory (Elliott, Ageton, & Canter, 1979), and Primary Socialization Theory 
(Oetting & Donnermeyer, 1998), for example, explicate to some extent, the influences of 
students’ school experiences on their health risk behaviors, including substance use.  
The current study was guided by the Theory of Health Promoting Schools, a 
compelling new theory that frames the role of schools in facilitating students’ healthful 
development, specifies elements of the school experience that collectively form the 
school culture or ethos, and offers a lens through which to consider the influence of 
interactions between individual student characteristics and school culture or ethos on 
student health behaviors (W. A. Markham & Aveyard, 2003). I decided to test the Theory 
by replicating several early studies based on it, because I was eager to respond to 
needs that have been highlighted over the years for a parsimonious model (C. S. 
Anderson, 1982; Aveyard, Markham, & Cheng, 2004; S. T. Ennett & Haws, 2010; 
Waters, et al., 2009) that focuses on causally relevant and changeable predictors (C. S. 
Anderson, 1982), for strong measures (Aveyard, Markham, & Cheng, 2004; McLaughlin, 
2005; Nutbeam, 1992; C. T. Viljoen, Kirsten, & al., 2005), and for studies using 
appropriate modeling methods and a carefully considered set of control variables 
(Aveyard, Markham, & Cheng, 2004; Aveyard, Markham, Lancashire, et al., 2004; S. T. 
Ennett & Haws, 2010; West, et al., 2004).    
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My findings suggest that measurement of the school level constructs specified by 
the theory remains a central challenge. While progress has been made on evaluating 
existing measures (e.g. Markham et al., 2012) and on developing and validating 
measures that may capture school ethos or the health promoting qualities of schools 
more effectively (e.g. Karatzias, Power, and Swanson, 2001; Zullig et al., 2010), 
rigorous, theory-based, mixed-methods studies are still needed to flesh out the domains, 
constructs, and items that effectively capture the salient influences of the school context. 
Netemeyer et al. state that repeatability and standardization are key objectives in 
development of new measures (Netemeyer, et al., 2003). My findings, along with those 
of several other recent multilevel studies, also suggest that the assumptions related to 
schools’ values as they relate to substance use and other antisocial behaviors should be 
examined more closely. The small set of studies in which students attending schools 
with a more “positive” climate or ethos have been more likely to engage in substance 
use or delinquency suggests that the values conveyed by those schools may not be 
clearly and emphatically health promoting. Finally, drawing from the stratified analysis, 
the finding that more between-school variance exists at the high school level than at the 
middle school level suggests that learning more about the underlying structure of the 
latent construct school ethos within high schools could be a worthwhile endeavor as a 
precursor to future intervention development. 
Limitations of the current study. 
The current study has several important limitations. Perhaps most importantly, 
the observational study design precludes making causal inferences. While association 
between the independent variables and dependent variables can be established, and 
while the longitudinal panel design, with data collected at two time points, allow us to 
establish temporality, non-spuriousness, or threats to internal validity, cannot be ruled 
out. Most threatening in this case are differential attrition (i.e. individuals that fit a certain 
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profile leaving the sample), history (i.e. events occurring outside the realm of the study 
influence behaviors under study), and maturation (i.e. subjects experiencing change or 
growth over time due to processes that cannot be completely controlled for in the design 
or the analysis).  
The timing and timeliness of the data collection introduce additional limitations. 
While there have been four waves of data collection from the longitudinal panel enrolled 
in the Add Health study, only the first two waves could be used for the current study. 
Wave 1 (in home) was collected in 1994-95, when students were in grades 7-12 and 
Wave 2 was collected one year later. The third wave was not collected until 2001-2002, 
when all students were past the age to attend secondary school. Thus measurement of 
predictors and outcomes was only separated by one school year. A more standard 
period for observing school effects is two years (e.g. Markham et al., 2008; 2012); Tobler 
et al., (2011)), and it seems reasonable that two years would allow for a more valid and 
reliable assessment of school effects. A separate issue, which relates more to how the 
findings are interpreted and used, is the age of the data. Because the data are now more 
than 15 years old, it is important to consider the findings in light of what was happening 
in schools and communities at the time, and to think carefully about the extent to which 
circumstances are different today. For example, consider the evolving discourse around 
school accountability and the increased emphasis on test scores as markers of school 
and student success. It is interesting to ponder how students’ perceptions of school 
ethos and how achievement and truancy added would be related to student substance 
use today, given the very different landscape of schools.  
Another important limitation relates to the nature of adolescent substance use 
and the inherent challenges in studying it empirically. An overarching goal of the current 
study, like most etiological research, was to examine how a set of theoretically derived 
predictors were related to student substance use. The rich data set compiled through the 
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Add Health study contained many substance use items, including detailed questions 
about dose and frequency of use for students who were substance users. Happily, 
however, most students do not engage in substance use, and if they do, it is at a very 
low level. Thus, items related to dose and frequency, which would ideally convey 
students’ positions along the continuum between experimental versus more problematic 
levels of use, are heavily skewed towards zero, meaning that they cannot be treated as 
continuous variables. Further, because of the complex survey design used in Add 
Health, it is not appropriate to conduct analyses on sub-sets of the sample by, for 
example, restricting the sample to students who drank weekly or more often. The best 
approach, therefore, is to examine substance use outcomes as dichotomous variables 
representing used versus did not use during the observation period. Because of this, the 
effects of the predictors on amount and/or frequency of substance use cannot be 
determined. Further, given the hierarchical generalized linear modeling framework 
required for estimating models with binary outcomes, some of the usual steps carried out 
under the simpler HLM procedures cannot be done easily. For example, calculating 
increments in variance explained with each modeling step is not straightforward and 
including multiple random effects is not possible.  
Strengths of the current study. 
The study also has important strengths. The school-based sampling design of 
the Add Health study with its 1) large and nationally representative sample of U.S. 
secondary schools; 2) random samples of students within schools; 3) multiple sources of 
information from and about students and their schools and families, and 4) longitudinal 
follow up of these student subjects enabled me to develop a study with adequate power 
to examine school influences on substance use using appropriate multilevel methods 
and to establish temporality between predictors and outcomes. Further, using a 
nationally representative sample implies that the results are generalizable to U.S. middle 
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and high school students. Importantly, the current study was theory-based, meaning that 
results from it can be interpreted through a specific framework to advance the field’s 
understanding of the student outcomes. In addition, the measures were carefully 
developed based on the Theory of Health Promoting Schools, prior work related to the 
theory, and current literature and best practices on measure development. Thus, the 
overall findings from the study can be considered in light of the mixed evidence of 
validity of the measures. Finally, I controlled for confounding while avoiding over-control 
that is often introduced, according to Aveyard and Markham (2004), by controlling for 
peer-related variables. Thus, the school effects that were found emerged even after 
controlling for a comprehensive set of potential confounders. 
Future work. 
In their paper describing the Theory of HPS, Markham and Aveyard (2003) 
suggest that the school’s culture (or ethos) arises from its curriculum (i.e. what is taught), 
its pedagogy (i.e. teaching methods), and its organizational structure (i.e. administrative 
and decision-making style, daily operations). From the outset, they propose the school 
value-added measure as a proxy for the school’s culture, reasoning that if the culture is 
health promoting, the value-added score will be high. Given the unexpected findings of 
the current study and several others, in which dimensions of school value-added and 
school ethos were significantly associated with student substance use in the opposite 
direction than expected, a reasonable next step is to develop direct measures of 
schools’ curriculum, pedagogy, and organizational structure, considering both the 
aspects that have been described already, as well as other aspects that could emerge 
from an inductive, qualitative approach. Because studies of school influences on 
individual outcomes are necessarily large and expensive, more descriptive studies, 
perhaps using a mix of quantitative and qualitative methods should be conducted first. A 
possible starting point would be to identify a small set of schools that have high, low, and 
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average prevalence of student substance use, and work with a diverse set of staff, 
students, parents, and community members in those schools to explore and document 
salient aspects of the schools’ culture or ethos. In the process, researchers could also 
explore the extent to which schools convey anti-substance use values, an issue I 
discussed previously. 
In the current study, peer influences and characteristics of social networks in the 
schools were not examined. However, much of the extant work on adolescent substance 
use has demonstrated the influence of peer networks. In particular, some studies (e.g. 
Ennett et al., 2006, Lansford et al., 2009) have shown that students at the center of the 
various social networks tend to be the main substance users. If this is the case, it could 
be that schools characterized as having high academic trouble, high institutional 
disengagement, and/or high truancy added also have a peer network structure that is 
somehow more protective against substance use. It would be interesting to examine the 
social network structures that emerged from the Add Health study as they relate to the 
school level variables I derived. While Markham and Aveyard (2003) contend that peers 
are an implicit part of the school culture, perhaps there are more dynamic processes at 
work that, if included in the theory, could strengthen its explanatory power.  
In addition to these extensions of the current dissertation work, several more 
immediate projects could be worthwhile. Markham et al. (2012) have suggested that the 
effects of school value added and school ethos could have more influence on “more 
deviant” types or levels of substance use, compared to their influence on use versus 
non-use of cigarettes, alcohol, and marijuana. With the numerous substance use items 
available in Add Health, I could perform similar analyses to the ones described here, 
looking at outcomes such as “severe problems resulting from drinking alcohol,” “cocaine 
use,” “inhalant use,” and/or “injection drug use.” This could be a useful contribution as 
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researchers begin to move forward in determining what aspects, if any, of the theory 
might be misspecified. 
Second, it could be informative to examine additional cross-level interactions. In 
the current study, I examined interactions between individual analogs of the school 
value-added and school ethos variables and the corresponding school level variables. 
Thus, I did not look at any interactions involving school institutional disengagement, 
which showed direct influence on three outcomes. It is quite possible, however, that 
different combinations of students’ individual experiences and the collective experiences 
represented by the school level variables could have an influence on substance use 
outcomes that did not surface here.  
A third small project would involve examining more closely the reliability of the 
school ethos measures. One author pointed out that school ethos is an “enduring” 
characteristic of the school (McLaughlin, 2005). While I used the student in-school 
survey to develop the school-level variables, so that they would be capture as 
comprehensively as possible, the school’s collective judgment of school 
disconnectedness, school academic trouble, and school institutional climate, it is 
possible to examine reports of the items making up the variables at three time points 
among the analytical sample used in the current study (N=12,915). This could be an 
important addition to the measure development piece of the project, and it could provide 
a meaningful building block for future measure development as I proposed above. 
Although one other study has applied the Theory of HPS to a U.S. data set and 
found significant effects of school value-added on student substance use (Tobler, et al., 
2011), this study marks the first application to a nationally representative sample of 
middle and high school students in the United States, and it is only the second study to 
concurrently examine variables derived under the school value-added and school ethos 
domains concurrently (W.A. Markham, et al., 2012). The study’s findings demonstrate 
100 
 
the inherent difficulty in measuring the relevant dimensions of the school context and the 
complexity in examining its influence. The Theory of HPS offers a compelling 
perspective and lends itself nicely to future work in measure development and etiological 
research, and it is my hope that more researchers will join forces to participate in such 
efforts.
 
 
Table 1 
Guide to variable names 
Domain Contextual 
level 
Variable Items in scale Direction of coding 
School value-
added 
School School achievement 
added 
Observed minus predicted 
school mean GPA, 
standardized  
As residual increases, 
achievement added 
increases.  
     
 School School truancy 
added 
Observed minus predicted 
school mean days skipped 
without an excuse, 
standardized  
As residual increases, 
truancy added increases.  
     
 Student GPA Self-reported grades in 4 
main subjects 
As GPA increases, 
achievement increases 
     
 Student Days skipped Self-reported days skipped 
in past school year 
As days skipped 
increases, truancy 
increases 
     
School ethos School School 
disconnectedness 
Mean of 4 items: 
• You feel close to 
people at your school. 
• You feel like you are 
part of your school. 
• You are happy to be at 
your school. 
• You feel safe at your 
school.  
1= strongly agree;  
5= strongly disagree  
 
  
     
 School School academic Since school started this 1= never; 5=everyday 
1
0
1
 
T
a
b
le
s
 1
-4
8
 
 
 
Domain Contextual 
level 
Variable Items in scale Direction of coding 
trouble year, how often have you 
had trouble: 
• Getting along with your 
teachers? 
• Paying attention in 
school? 
• Getting your homework 
done? 
• Getting along with other 
students? 
 
 
  
     
 School School institutional 
disengagement 
Mean of standardized 
values: 
• School size (1= small, 
2=medium, 3= large)  
• Student-teacher ratio 
• Percent of students not 
involved in any school-
based extra-curricular 
activities  
As size, student-teacher 
ratio, and % not involved 
increase, school 
institutional 
disengagement increases.  
     
 Student Student 
disconnectedness 
Mean of 4 items: 
• You feel close to 
people at your school. 
• You feel like you are 
part of your school. 
• You are happy to be at 
your school. 
• You feel safe at your 
1= strongly agree;  
5= strongly disagree  
 
  
1
0
2
 
 
 
Domain Contextual 
level 
Variable Items in scale Direction of coding 
school.  
     
 Student Student academic 
trouble 
Since school started this 
year, how often have you 
had trouble: 
• Getting along with your 
teachers? 
• Paying attention in 
school? 
• Getting your homework 
done? 
• Getting along with other 
students? 
1= never; 5=everyday 
 
  
1
0
3
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Table 2 
Analytic sample for Aims 1-4 
Aim Sample Final sample 
   
Aim 1, factor analysis to 
derive school ethos 
90,118 participants in in-
school census  
64,256 participants with 
complete data on variables 
of interest  
   
Aim 1, regression analysis 
to derive value-added  
132 schools 
13,376 students with valid 
sampling weights  
127 schools 
12,915 students  
   
Aims 2 and 3, multilevel 
models  
132 schools 
13,376 students with valid 
sampling weights  
127 schools 
12,915 students  
   
Aim 4, stratified analyses 
by school level  
127 schools 
12,915 students 
57 high schools, 51 middle 
schools 
7,329 high and 3,192 
middle school students  
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Table 3 
 Wave 1 and 2 substance use items used as controls and outcomes 
Outcome variable 
(Coding) 
Wave 1 survey item Wave 2 survey item 
   
Smoked        
(1=yes, 0=no) 
Have you ever tried cigarette 
smoking, even just 1 or 2 puffs? 
Since [Month of last interview] 
have you tried cigarette smoking, 
even just one or two puffs? 
   
Drank alcohol 
(1=yes, 0=no) 
Have you ever had a drink of 
beer, wine, or liquor- not just a 
sip or a taste of someone else’s 
drink- more than 2 or 3 times in 
your life? 
Since [Month of last interview] 
have you had a drink of beer, 
wine, or liquor- not just a sip or a 
taste of someone else’s drink- 
more than 2 or 3 times?  
   
Drank heavily 
(1=yes, 0=no) 
Think of all the times you have 
had a drink during the past 12 
months. How many drinks did 
you usually have each time? (A 
drink is a glass of wine, a can of 
beer, a wine cooler, a shot glass 
of liquor, or a mixed drink) 
Greater than or equal to 3= yes 
Think of all the times you have 
had a drink during the past 12 
months. How many drinks did 
you usually have each time? (A 
drink is a glass of wine, a can of 
beer, a wine cooler, a shot glass 
of liquor, or a mixed drink) 
Greater than or equal to 3= yes  
   
Used marijuana 
(1=yes, 0=no) 
How old were you when you 
tried marijuana for the first time? 
If you never tried marijuana, 
enter ‘0.’ 
Since [Month of last interview], 
how many times have you used 
marijuana? 
If greater than 0 then used 
marijuana=yes  
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Table 4 
Univariate statistics for school compositional predictors  
School-level variable Mean (SD) Minimum Maximum 
Highest parent education 3.1 (.54) 1.88 4.67 
Proportion neighborhood below poverty  0.15 (.10) 0.02 0.41 
Proportion non-traditional family 0.29 (.14) 0 .75 
Proportion black students 0.20 (.28) 0 1.0 
Proportion white students 0.61 (.33) 0 1.0 
Proportion Hispanic students 0.10(.18) 0 .90 
Proportion high movers 0.05 (.04) 0 0.16 
Proportion non-English speaking 
households 
0.08 (.13) 0 0.75 
Note. N=127 schools. 
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Table 5 
Squared multiple correlations for regression of academic and regulatory outcomes on 
compositional predictors 
Outcome Data source Squared multiple correlation 
(R2) 
Academic   
   
Percent of students 
performing below grade 
level on standardized tests 
School administrator 
survey 
.16 
   
Percent of students 
retained last year 
School administrator 
survey 
.26 
   
Percent of students failing 
at least one course 
Student in-home survey .27 
   
School mean GPA in 4 
main courses 
Student in-home survey .31 
   
Regulatory   
   
Average daily attendance School administrator 
survey 
.39 
   
Mean days skipped without 
an excuse 
Student in-home survey .28 
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Table 6 
Descriptive statistics for in-school sample 
Variable Mean (SD) or Percent N 
Male 50.21% 89,438 
Age (years) 14.99 (1.72) 89,712 
Grade   
6 0.11% 89,577 
7 13.76% 89,577 
8 13.29% 89,577 
9 20.75 % 89,577 
10 19.46% 89,577 
11 17.14% 89,577 
12 15.20% 89,577 
13a 0.23% 89,577 
Highest parent educationb 3.07 (1.23) 75,194 
Race/Ethnicity   
Hispanic 18.29% 84,967 
White 60.55% 90,118 
Black 19.04% 90,118 
American Indian 5.44% 90,118 
Asian 7.00% 90,118 
Other 9.75% 90,118 
a School doesn’t have traditional grade levels. 
b Highest parent education of mother or father is proxy for socio-economic status. 1= 
less than high school, 2= high school diploma or GED, 3= some college or vocational 
training beyond high school, 4=college graduate, 5= additional education beyond 
college. 
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Table 7 
Items included in Exploratory Factor Analysis 
 
Variable Scale of measurement Mean (SD) N 
How much do you agree or 
disagree with the following 
statements: 
 
  
    
You feel close to people at 
your school. 
Likert scale; 1=strongly 
agree, 5=strongly disagree 
2.46 (1.10) 80,443 
    
You feel like you are part of 
your school. 
Likert scale; 1=strongly 
agree, 5=strongly disagree 2.48 (1.19) 79,809 
  
  
You are happy to be at your 
school. 
Likert scale; 1=strongly 
agree, 5=strongly disagree 
2.46 (1.22) 79,342 
    
You feel safe at your school. Likert scale; 1=strongly 
agree¸5=strongly disagree 
2.33 (1.08) 79,014 
    
Teachers treat students 
fairly. 
Likert scale; 1=strongly 
agree, 5=strongly disagree 
2.61 (1.12) 79,165 
    
Students at this school are 
prejudiced. 
Likert scale; 1= strongly 
disagree, 5= strongly 
agree 
3.23 (1.14) 78,402 
    
In general, how hard do you try 
to do your school work well? 
1= I try very hard, 
4= I never try at all 
1.76 (0.69) 85,583 
    
Since school started this year, 
how often have you had trouble: 
 
  
    
Getting along with your 
teachers? 
Likert scale; 
1=never, 5=everyday 
2.21 (1.29) 84,600 
    
Paying attention in class? Likert scale; 
1=never, 5= everyday 
2.82 (1.34) 84,233 
    
Getting your homework 
done? 
Likert scale; 
1=never, 5= everyday 
2.80 (1.36) 84,363 
    
Getting along with other 
students? 
Likert scale; 
1=never, 5= everyday 
2.54 (1.47) 86,368 
    
During the past 12 months, how 
often did you skip school 
0=never, 1=once or twice, 
2= once a month or 
1.64 (1.27) 83,753 
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Variable Scale of measurement Mean (SD) N 
without an excuse? less…6= everyday 
    
Pupil-teacher ratio in 1993-94 Average number students 
per full time teacher 
19.0 (3.68) 77,630 
    
School size 1= small, 2=medium, 
3= large 
2.49 (0.61) 83,372 
    
Percent (proportion) not 
involved in any school-based 
extra-curricular activities 
Percent of students 
reporting no club, sport, or 
activity membership 
0.17 (0.07) 90,118 
    
Harshness of discipline policy 
for first time offensesa 
1=no policy, 2=no action , 
3=verbal warning, 4=minor 
action, 5=in-school 
suspension, 6= out of 
school suspension, 
7=expulsion 
5.74 (0.36) 83,311 
a Mean consequences for 12 first-time offenses, asked in 12 items on the school 
administrator survey. Offenses include cheating, fighting, injuring another student, 
possessing alcohol, possessing illegal drugs, possessing a weapon, drinking alcohol at 
school, using an illegal drug at school, smoking at school, verbally abusing a teacher, 
physically injuring a teacher, stealing on school property.  
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Table 8 
Three factor solution for 60% of sample 
Variable Factor 1 Factor 2 Factor 3 
Feel close to people at school 0.68 -0.02 -0.05 
Feel part of school 0.80 0.01 -0.03 
Happy to be at this school 0.78 -0.05 -0.01 
Teachers treat students fairly 0.47 0.01 0.07 
Feel safe at school 0.55 0.03 0.00 
Trouble getting along with teachers 0.00 -0.04 0.67 
Trouble paying attention 0.01 0.05 0.83 
Trouble getting homework done -0.01 0.06 0.80 
Trouble getting along with students  0.00 -0.06 0.70 
School size 0.02 0.69 -0.02 
Student-teacher ratio -0.03 0.51 0.00 
Percent not involved in any extra-curricular 
activities 
0.02 0.66 0.01 
Note.Oblique rotation using Crawford-Ferguson Quartimax criteria. N=38,590. 
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Table 9 
Factor intercorrelations from first factor analysis (90% confidence intervals) 
 Factor 1 Factor 2 Factor 3 
Factor 1 1.0   
    
Factor 2 0.14 
(0.124, 0.147) 
1.0  
    
Factor 3 0.17 
(0.158, 0.178) 
-0.03 
(-0.039, -0.017) 
1.0 
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Table 10 
Three factor solution for 40% of sample 
Variable Factor 1 Factor 2 Factor 3 
Feel close to people at school 0.68 -0.01 -0.06 
Feel part of school 0.81 0.01 -0.03 
Happy to be at this school 0.78 -0.05 0.00 
Teachers treat students fairly 0.46 0.02 0.07 
Feel safe at school 0.54 0.02 0.01 
Trouble getting along with teachers 0.00 -0.04 0.68 
Trouble paying attention 0.02 0.04 0.84 
Trouble getting homework done -0.01 0.06 0.80 
Trouble getting along with students  00.0 -0.06 0.69 
School size 0.03 0.70 -0.02 
Student-teacher ratio -0.04 0.49 0.00 
Percent not involved in any extra-curricular 
activities 
0.03 0.66 0.02 
 
Note.Oblique rotation using Crawford-Ferguson Quartimax criteria. N=25,666. 
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Table 11 
Factor intercorrelations from second factor analysis (90% confidence intervals) 
 Factor 1 Factor 2 Factor 3 
Factor 1 1.0   
    
Factor 2 0.13 
(0.113, 0.141) 
1.0  
    
Factor 3 0.17 
(0.159, 0.183) 
-0.03 
(-0.048, -0.02) 
1.0 
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Table 12 
Cronbach's alpha for 3 school ethos scales 
Scale Number of items Cronbach’s coefficient alpha 
School disconnectedness 4 .79 
School academic trouble 4 .84 
School institutional 
disengagement 
3 .64 
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Table 13 
School level predictors 
Independent variable Description Coding 
   
Achievement added  Observed minus predicted 
school mean GPA, 
standardized  
Ranges from -1.64 to 4.19 
where 4.19 is best. As 
residual increases, 
achievement added 
increases.  
   
Truancy added  Observed minus predicted 
school mean days skipped 
without an excuse, 
standardized  
Ranges from -2.47 to 4.46 
where -2.47 is best. As 
residual increases, truancy 
added increases.  
   
School disconnectedness  How much do you agree or 
disagree with the following 
statements: 
• You feel close to people 
at your school. 
• You feel like you are part 
of your school. 
• You are happy to be at 
your school. 
• You feel safe at your 
school.  
Responses for each item: 
1= strongly agree 
2=agree 
3=neither agree nor 
disagree 
4=disagree 
5= strongly disagree  
 
Scale score is individual 
mean. 
School score is mean of 
individual means. 
Range is 1-5 where 1 is 
best. As score 
increases, school 
disconnectedness 
increases.  
   
School academic trouble  Since school started this 
year, how often have you 
had trouble: 
• Getting along with your 
teachers? 
• Paying attention in 
school? 
• Getting your homework 
done? 
• Getting along with other 
students? 
 
Responses for each item: 
1= never 
2=just a few times 
3= about once a week 
4= almost everyday 
5=everyday 
 
Scale score is individual 
mean. 
School score is mean of 
individual means. 
Range is 1-5 where 1 is 
best. As score increases, 
school academic trouble 
increases.  
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Independent variable Description Coding 
School institutional 
disengagement  
• School size (1= small, 
2=medium, 3= large)  
• Student-teacher ratio 
• Percent of students not 
involved in any school-
based extra-curricular 
activities  
Mean of standardized 
values. 
Ranges from -1.87 to 1.73. 
As school institutional 
disengagement increases, 
schools get larger, have 
higher number of students 
per teacher and have 
higher percent not involved.  
 
  
Table 14 
Correlation among school context variables and school-level substance use outcomes 
 
Achiev 
addeda 
Truancy 
added 
Sch acad 
troubleb 
Sch 
disconnc 
Sch inst 
disengd 
Prop 
smokee 
Prop 
drankf 
Prop heavy 
drinkingg 
Prop 
marij.h 
Achiev addeda 1.0 -0.46*** -0.17 -0.47*** -0.31** -0.29** -0.35*** -0.29** -0.41*** 
Truancy added  1.0 -0.12 0.38*** 0.38** 0.20+ 0.29** 0.32** 0.34*** 
Sch acad troubleb   1.0 0.27* -0.15 -0.14 -0.26* -0.40*** -0.05 
Sch disconnectc    1.0 0.45*** 0.21+ 0.30** 0.23* 0.47*** 
Sch inst 
disengaged 
    1.0 0.04 0.14 0.17 0.32** 
Prop smokee      1.0 0.70*** 0.72*** 0.55*** 
Prop drankf       1.0 0.90*** 0.62*** 
Prop heavy 
drinkingg 
       1.0 0.63*** 
Prop marij.h         1.0 
a
Achievement added. 
b
School academic trouble. 
c
School disconnectedness. 
d
School institutional disengagement. 
e
Proportion of students 
in school who reported smoking in the past year. 
f
Proportion students in school who reported drinking alcohol in past year. 
g
Proportion of 
students in school who reported heavy drinking in past year. 
h
Proportion of students in school who reported using marijuana in past year.  
*** 
p<.0001.
  
** p<.001.
  * 
p<.01.
 + 
p<.05.
 
1
1
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Table 15  
Student-level predictors 
Independent variable Description Coding 
GPA  At the most recent grading 
period, what was your 
grade in English?  Math? 
History or social studies? 
Science?  
1= D or lower 
2= C 
3= B 
4= A  
 
Scale score is mean of item 
scores. 
   
Days skipped  During this school year, 
how many times have you 
skipped school for a full day 
without an excuse?  
0-99 times, fill in number  
   
Student disconnectedness  How much do you agree or 
disagree with the following 
statements: 
• You feel close to people 
at your school. 
• You feel like you are part 
of your school. 
• You are happy to be at 
your school. 
• You feel safe at your 
school. 
1= strongly agree 
2=agree 
3=neither agree nor 
disagree 
4=disagree 
5= strongly disagree  
 
Scale score is mean of item 
scores. 
   
Student academic trouble  Since school started this 
year, how often have you 
had trouble: 
 Getting along with your 
teachers? 
 Paying attention in 
school? 
 Getting your homework 
done? 
 Getting along with other 
students?  
1= never 
2=just a few times 
3= about once a week 
4= almost everyday 
5=everyday  
 
Scale score is mean of item 
scores. 
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Table 16 
Student and school level control variables  
Variable Description Coding 
   
Sex  Male or female  Male=1, Female=0  
   
Baseline substance use  
(wave 1)  
(Shown in Table 3) Yes=1, No=0  
   
Age  Derived from student 
reports of their birthdates 
and the date of survey 
completion 
Continuous variable using 
years and fractions of years 
as units  
   
Parent involvement in 
school  
Parent reported having 
talked with child’s teacher 
this year about school work 
or participated in 
fundraising or volunteer 
work at school. 
Yes=1, No=0  
   
Non-traditional family  Student does not live in 2 
parent household   
Yes=1, No=0  
   
Parent smoker Parent reports that s/he 
currently smokes OR 
student reports at least one 
parent ever smoked 
Yes=1, No=0  
   
Parent drinker Parent reports that s/he or 
other parent drinks alcohol. 
Yes=1, No=0 
   
Parental connection  Mean of six items on Likert 
scale (e.g. How close do 
you feel to your 
mother/father?)  
Continuous, range=1 to 5 
where 5 indicates stronger 
connection with parents  
   
Highest parent education 
(family socioeconomic 
status (SES)) 
Highest parent education 
as indicator of SES   
Continuous, range= 1 to 5 
where 1= less than high 
school and 5= more than 
college  
   
Transition yr 1 to yr 2  Student moved from one 
sample school to another 
between waves  
Yes=1, No=0  
   
Ethnicity  White, Black, Hispanic, 
Asian, and other  
Dummy coded with other as 
reference  
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Variable Description Coding 
   
Public  School is public rather than 
private  
Yes=1, No=0  
   
School level  Middle school (has a 7
th
 
grade), High school (has an 
11
th
 grade), Comprehensive  
(has both 7
th
 and 11
th
)  
Dummy coded with 
comprehensive as 
reference  
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Table 17 
School characteristics  
 
School characteristic Frequency 
Region  
West 27 
Midwest 28 
South 53 
Northeast 19 
School size  
Small (1-400) 30 
Medium (401-1000) 60 
Large (1001-4000) 37 
School type  
Public 116 
Private 6 
Catholic 5 
School level  
High school 57 
Middle school 51 
Comprehensive 
school 
19 
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Table 18 
Sample descriptives, individual level control variables 
Variable M/Percent  SD Minimum Maximum N= 
Male 48.9    12,915 
Age (years) 15.28 1.6 11 21 12,915 
Non-traditional familya 29.36 %    12,915 
Highest parent educationb 3.09 1.24 1 5 12,773 
Black 20.71%    12,909 
White 54.6%    12,909 
Hispanic 16.84%    12,909 
Asian 6.47%    12,909 
Other 1.37%    12,909 
School transition W1-W2c 29.40%    12,915 
Parent involvement in 
schoold 
39.69%    11,402 
Parental connectednesse 4.50 .56 1 5 12,761 
Parent smokerf 78%    10,691 
Parent alcohol userf 55%.    11,312 
Baseline ever smokedg 55%    12,822 
Baseline ever drankh 54%    12,816 
Baseline heavy drinki 26.2%    12,684 
Baseline ever use 
marijuanaj 
26%    12,762 
aNon-tradtional family means there is not a mother and a father figure in the student’s 
household. 
b
Highest parent education conveys highest education level of either parent, 
ranging from 1=less than high school to 5=more than college. cSchool transition means 
the student changed schools between Waves 1 and 2, but both schools were in Add 
Health sample. dParent involvement in school is dichotomous with percent “yes” shown 
in table. eParental connectedness measured 1-5 with 5 being highest. fParent smoker 
and parent alcohol user are dichotomous with percent “yes” shown in table. gPercent of 
students “ever smoked” at baseline. hPercent of students that “ever drank” at baseline. 
iPercent of students that drank heavily at baseline. jPercent of students that “ever used 
marijuana” at baseline.   
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Table 19 
Univariate statistics for school level control variables 
Variable Percent 
Public school (v. non-public) 91.3% 
High school (v. MS, comprehensive) 44.9% 
Middle school (v. HS, comprehensive) 40.2% 
Note. N=127 schools. 
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Table 20 
Univariate statistics for individual and school level predictors 
Variable Mean SD Minimum Maximum N= 
Individual level      
Grade point average (GPA) 2.76 .77 1 4 12,753 
Days skipped without excuse 2.0 7.42 0 99 12,885 
Student disconnectedness 2.25 .79 1 5 12,908 
Academic trouble 2.04 .73 1 5 12,908 
School level      
School academic trouble 2.64 .22 1.61 3.2 127 
School disconnectedness 2.36 .228 1.58 2.88 127 
School institutional 
disengagement 
-.02 .753 -1.87 1.72 127 
School achievement added 0 1 -1.64 4.19 127 
School truancy added 0 1 -2.47 4.46 127 
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Table 21 
Sample descriptives, individual level outcome variables 
Variable Percent N= 
Smoked cigarettes, past year 43.63% 12,829 
Drank alcohol, past year 47.17% 12,829 
Participated in  heavy drinking, 
past year 
29.55% 12,658 
Used marijuana, past year 25.6% 12,828 
  
Table 22 
Bivariate correlations among predictor and outcome variables 
 Smoke Drink Hdrink Marij 
Stu_ 
disc 
Acad_ 
trb GPA Skip 
Sch_ 
disc 
Sch_ 
acad 
Sch_ 
inst 
Ach_ 
add 
Tru_ 
add 
Smokea 1.00             
Drinkb 0.40 1.00            
Hdrinkc 0.40 0.70 1.00           
Marijd 0.43 0.41 0.43 1.00          
Stu_disce 0.12 0.09 0.07 0.15 1.00         
Acad_trbf  0.21 0.16 0.16 0.21 0.34 1.00        
GPAg -0.17 -0.10 -0.10 -0.18 -0.21 -0.34 1.00       
Skiph 0.13 0.10 0.11 0.16 0.16 0.21 -0.22 1.00      
Sch_disci 0.01 0.03 0.03 0.09 0.19 0.02 -0.19 0.12 1.00     
Sch_acadj  -0.05 -0.08 -0.12 -0.01 0.07 0.03 -0.12 0.02 0.28 1.00    
Sch_instk -0.01 0.02 0.03 0.07 0.13 -0.02 -0.16 0.15 0.57 0.01 1.00   
Ach_addl  -0.05 -0.08 -0.09 -0.10 -0.10 -0.06 0.26 -0.12 -0.44 -0.15 -0.46 1.00  
Tru_addm 0.01 0.05 0.06 0.08 0.08 0.01 -0.15 0.21 0.43 -0.04 0.54 -0.52 1.00 
Note. Correlations computed from unweighted, observed data. 
aSmoked in past year (measured at Wave 2). bDrank alcohol in past year (measured at Wave 2). cDrank heavily (usually 3 or 
more drinks at a time when drank alcohol). dUsed marijuana in past year. eStudent disconnectedness. fStudent academic 
trouble. gGrade point average in four major subjects last grading period. hDays skipped without an excuse this year (or last 
year if summer). iSchool disconnectedness. jSchool academic trouble. kSchool institutional disengagement. lSchool 
achievement added. mSchool truancy added. 
1
2
7
 
  
Table 23:  
 
Bivariate associations for outcomes, predictors, and controls 
 
 Smokeq Drinkr Hdrinks Marijt Stu_discu Acad_trbv GPAw Skipx Sch_discy Sch_acadz  Sch_instaa 
Ach 
addbb 
Tru 
addcc 
Sex
a 0.00 0.00 -0.04 -0.02 0.01 -0.11 0.14 -0.04 0.00 0.00 -0.02 0.03 -0.02 
W1 
smoke
b 0.50 0.34 0.33 0.34 0.14 0.22 -0.22 0.14 0.08 -0.04 0.04 -0.10 0.08 
W1 drinkc 0.35 0.46 0.41 0.34 0.15 0.21 -0.18 0.15 0.11 -0.07 0.08 -0.13 0.12 
W1 h. 
drinkd 0.33 0.39 0.47 0.37 0.13 0.22 -0.16 0.19 0.08 -0.11 0.06 -0.10 0.10 
W1 marije 0.34 0.30 0.33 0.52 0.21 0.25 -0.25 0.24 0.15 -0.02 0.12 -0.15 0.16 
Agef 0.05 0.15 0.18 0.10 0.09 0.01 -0.13 0.17 0.32 -0.28 0.33 -0.27 0.42 
P_involveg -0.02 -0.02 -0.01 -0.02 -0.03 -0.01 0.02 -0.05 -0.08 -0.01 -0.05 0.03 -0.04 
Nt famh 0.00 -0.01 -0.02 0.05 0.07 0.04 -0.14 0.07 0.12 0.14 0.02 -0.02 0.01 
P_alcoholi  0.09 0.14 0.12 0.10 0.01 0.05 0.04 -0.01 -0.07 -0.07 -0.03 -0.01 -0.02 
P_smokej 0.12 0.11 0.09 0.12 0.09 0.12 -0.16 0.08 0.07 0.07 0.01 -0.04 0.01 
P_connectk  -0.09 -0.07 -0.07 -0.10 -0.19 -0.16 0.17 -0.13 -0.04 0.02 -0.06 0.06 -0.06 
Par_edul  -0.03 0.01 0.00 0.00 -0.06 -0.01 0.25 -0.08 -0.13 -0.16 -0.08 0.04 -0.04 
Trans
m 0.07 0.03 0.03 0.07 0.11 0.09 -0.11 0.14 -0.01 0.21 -0.04 0.03 -0.09 
Black -0.16 -0.13 -0.17 -0.06 0.03 -0.02 -0.10 -0.03 0.19 0.23 -0.07 0.02 -0.02 
Hispanic -0.02 0.02 0.01 0.02 0.03 -0.03 -0.13 0.08 0.14 0.14 0.32 -0.11 0.14 
White
 0.17 0.12 0.16 0.05 -0.05 0.07 0.13 -0.05 -0.30 -0.29 -0.27 0.08 -0.17 
Publicn 0.02 0.00 -0.01 0.01 0.08 -0.02 -0.12 0.06 0.32 0.24 0.37 -0.17 0.15 
High scho 0.04 0.11 0.13 0.10 0.08 0.00 -0.13 0.12 0.53 -0.27 0.58 -0.45 0.57 
Midd sch
p -0.04 -0.11 -0.14 -0.06 -0.03 0.01 0.06 -0.10 -0.28 0.55 -0.28 0.25 -0.48 
 Note. Correlations computed from unweighted, observed data. 
aSex, where 1= male and 0=female.  bEver smoked cigarettes, even one or two puffs, measured at Wave 1. cEver drank 
alcohol, not just a sip of someone else’s drink, measured at Wave 1.  dHeavy drinking, usually drink 3 or more drinks at a time 
when drink alcohol.  eEver used marijuana, measured at Wave 1. fAge in years and fraction of years. gParental involvement in 
school, 1= yes, 0=no. hNon-traditional family. Student lives in household that does not have both resident father and resident 
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 mother. IParent(s) drinks alcohol. jParent(s) smokes cigarettes. kParent connectedness, scale measuring how close student is 
to parents, higher= closer. lHighest parent education. Proxy for family socioeconomic status. mTransition, wave 1 to wave 2. 
Student moved to different sample school between waves. nSchool is public v. private or religious. o High school (rather than 
comprehensive or middle). pMiddle school (rather than comprehensive or high).  qSmoked in past year (measured at Wave 2). 
rDrank alcohol in past year (measured at Wave 2). sDrank heavily (usually 3 or more drinks at a time when drank alcohol). 
tUsed marijuana in past year. uStudent disconnectedness. vAcademic trouble. wGrade point average in four major subjects last 
grading period. xDays skipped without an excuse this year (or last year if summer). ySchool disconnectedness. zSchool 
academic trouble. aaSchool institutional disengagement. bbSchool achievement added. ccSchool truancy added.  
 
1
2
9
 
130 
 
Table 24 
 Pseudo intraclass correlation coefficients (ICCs) of substance use outcomes at Wave 2 
Substance use outcome Τ00  (SE) ICC (Τ00/[ Τ00+ π
2/3]) 
Smoked (past year) .224 (.04) .064 
Drank (past year) .280 (.049) .079 
Heavy drinking (past year) .445 (.068) .120 
Used marijuana (past year) .319 (.047) .089 
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Table 25 
 Independent effects of school value-added status on likelihood of past year smoking 
 
Controls + Level 1 
predictors + Lev 2 predictors 
Independent variable OR 95%CI OR 95%CI 
Level 1 controls(CGM) 
      Sex 1.09 0.94 1.26 1.09 0.94 1.26 
Wave1-smoke 8.31 7.11 9.70 8.31 7.12 9.71 
Age 0.94 0.89 0.98 0.94 0.89 0.98 
Parent involvement in 
school 1.06 0.93 1.20 1.06 0.93 1.20 
Non-traditional family 1.09 0.95 1.25 1.09 0.95 1.25 
Parent smoker 1.06 0.92 1.22 1.06 0.92 1.22 
Parental connection 0.90 0.82 1.00 0.90 0.82 1.00 
Highest education 1.07 1.02 1.12 1.07 1.02 1.12 
Transition yr 1-yr 2 1.27 1.10 1.47 1.28 1.10 1.48 
Black 0.59 0.43 0.81 0.59 0.43 0.80 
Hispanic 1.12 0.88 1.44 1.11 0.87 1.43 
White 1.49 1.10 2.03 1.49 1.11 2.01 
Level 1 predictors (CGM) 
      GPA 0.76 0.70 0.82 0.75 0.70 0.82 
Days skipped 1.03 1.02 1.04 1.03 1.01 1.04 
Level 2 controls (CGM) 
      
Public (v. private) 1.03 0.79 1.35 1.09 0.85 1.41 
High school (v. MS, CS) 1.06 0.86 1.32 1.15 0.93 1.42 
Middle school (v. HS, CS) 0.92 0.73 1.16 0.87 0.70 1.08 
Level 2 predictors (CGM) 
      Achievement added 
   
1.03 0.95 1.12 
Truancy added 
   
0.91 0.85 0.98 
Note. Bold print indicates statistically significant odds ratios (alpha=.05) for the Level 2 
predictors of interest. CGM means that all predictors are centered around their grand 
means.  
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Table 26  
Independent effects of school ethos predictors on likelihood of past year smoking 
 
Controls + Level 1 
predictors + Lev 2 predictors 
Independent variable OR 95%CI OR 95%CI 
Level 1 controls (CGM) 
      Sex 1.08 0.94 1.24 1.08 0.94 1.24 
Wave1-smoke 8.39 7.26 9.70 8.37 7.24 9.68 
Age 0.95 0.91 1.0 0.95 0.91 1.00 
Parent involvement in 
school 1.04 0.92 1.18 1.05 0.93 1.18 
Non-traditional family 1.12 0.98 1.27 1.12 0.98 1.27 
Parent smoker 1.06 0.92 1.22 1.06 0.92 1.22 
Parental connection 0.92 0.84 1.017 0.92 0.84 1.02 
Highest education 1.03 0.98 1.07 1.03 0.98 1.07 
Transition yr 1-yr 2 1.31 1.14 1.51 1.31 1.14 1.52 
Black 0.62 0.44 0.87 0.60 0.43 0.86 
Hispanic 1.17 0.90 1.53 1.19 0.91 1.55 
White 1.50 1.08 2.06 1.45 1.04 2.02 
Level 1 predictors(CGM) 
      Student 
disconnectedness 1.05 0.98 1.12 1.05 0.98 1.12 
Academic trouble  1.44 1.33 1.55 1.44 1.34 1.55 
Level 2 controls(CGM) 
      Public (v. private) 1.13 0.87 1.46 1.23 0.95 1.61 
High school (v. MS, CS) 1.09 0.88 1.35 1.14 0.89 1.48 
Middle school (v. HS, CS) 0.88 0.70 1.11 1.01 0.79 1.30 
Level 2 predictors(CGM)    
   School academic trouble    0.65 0.37 1.12 
School disconnectedness    1.47 0.88 2.45 
School institutional 
disengagement 
   
0.87 0.76 0.99 
Note. Bold print indicates statistically significant odds ratios (alpha=.05) for the Level 2 
predictors of interest. CGM means that all predictors are centered around their grand 
means.  
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Table 27  
Independent effects of school value-added and ethos predictors on likelihood of past 
year smoking 
 
 Controls + Level 1 
predictors + Lev 2 predictors 
Independent variable OR 95%CI OR 95%CI 
Level 1 controls (CGM)        
Sex 1.13 0.98 1.30 1.13 0.98 1.30 
Wave1-smoke 8.0 6.89 9.28 7.98 6.88 9.26 
Age 0.94 0.90 0.99 0.94 0.90 0.99 
Parent involvement in 
school 1.06 0.94 1.20 1.06 0.94 1.20 
Non-traditional family 1.09 0.95 1.25 1.09 0.95 1.25 
Parent smoker 1.03 0.90 1.19 1.04 0.90 1.20 
Parental connection 0.95 0.86 1.05 0.95 0.86 1.05 
Highest education 1.06 1.01 1.11 1.06 1.01 1.11 
Transition yr 1-yr 2 1.26 1.09 1.45 1.26 1.09 1.46 
Black 0.60 0.43 0.83 0.58 0.42 0.81 
Hispanic 1.15 0.90 1.48 1.16 0.90 1.48 
White 1.50 1.10 2.04 1.45 1.06 1.98 
Level 1 predictors (CGM) 1.13 0.98 1.30 
   Student disconnectedness 1.03 0.97 1.11 1.03 0.96 1.11 
Academic trouble 1.34 1.23 1.45 1.34 1.23 1.45 
GPA 0.82 0.76 0.89 0.82 0.76 0.89 
Days skipped 1.02 1.01 1.03 1.02 1.01 1.03 
Level 2 controls (CGM) 
      Public (v. private) 1.08 0.82 1.42 1.24 0.95 1.61 
High school (v. MS, CS) 1.06 0.85 1.31 1.19 0.92 1.53 
Middle school (v. HS, CS) 0.91 0.72 1.15 0.98 0.76 1.27 
Level 2 predictors (CGM) 
      School disconnectedness 
   
1.39 0.82 2.35 
School academic trouble 
   
0.66 0.36 1.23 
School institutional 
disengagement 
   
0.87a 0.76 1.00 
Achievement added 
   
1.02 0.93 1.11 
Truancy added 
   
0.92a 0.86 1.00 
Note. Bold print indicates statistically significant odds ratios (alpha=.05) for the Level 2 
predictors of interest. CGM means that all predictors are centered around their grand 
means.  
aCoefficient marginally significant.  
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Table 28  
Independent effects of value-added predictors on likelihood of past year drinking 
 Controls + Level 1 
predictors + Lev 2 predictors 
Independent variable OR 95%CI OR 95%CI 
Level 1 controls(CGM)   
     Sex 1.14 1.03 1.25 1.13 1.03 1.25 
Wave1-drink 6.92 6.26 7.64 6.91 6.25 7.64 
Age 1.08 1.03 1.13 1.08 1.03 1.13 
Parent involvement in 
school 1.05 0.93 1.18 1.05 0.93 1.18 
Non-traditional family 1.01 0.89 1.14 1.01 0.89 1.14 
Parent drinking 1.44 1.28 1.62 1.44 1.29 1.62 
Parental connection 0.96 0.87 1.06 0.96 0.88 1.06 
Highest education 1.07 1.02 1.12 1.07 1.02 1.12 
Transition yr 1-yr 2 1.16 1.03 1.31 1.16 1.03 1.31 
Black 0.80 0.60 1.06 0.80 0.60 1.07 
Hispanic 1.35 0.95 1.91 1.34 0.94 1.91 
White 1.34 1.07 1.69 1.34 1.06 1.71 
Level 1 predictors (CGM) 
      GPA 0.91 0.84 0.99 0.91 0.84 0.99 
Days skipped 1.01 1.00 1.01 1.01 1.00 1.01 
 Level 2 controls (CGM) 
      Public (v. private) 1.01 0.70 1.45 1.05 0.75 1.48 
High school (v. MS, CS) 0.98 0.78 1.23 1.03 0.81 1.30 
Middle school (v. HS, CS) 0.92 0.72 1.18 0.85 0.66 1.09 
Level 2 predictors (CGM) 
      Achievement added 
   
0.96 0.88 1.05 
Truancy added 
   
0.88 0.82 0.96 
Note. Bold print indicates statistically significant odds ratios (alpha=.05) for the Level 2 
predictors of interest. CGM means that all predictors are centered around their grand 
means.  
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Table 29  
Independent effects of school ethos predictors on likelihood of past year drinking 
 Controls + Level 1 
predictors + Lev 2 predictors 
Independent variable OR 95%CI OR 95%CI 
Level 1 controls (CGM)   
     Sex 1.14 1.03 1.26 1.14 1.03 1.27 
Wave1-drink 6.74 6.09 7.46 6.73 6.09 7.44 
Age 1.09 1.04 1.14 1.09 1.04 1.14 
Parent involvement in 
school 1.06 0.94 1.19 1.06 0.94 1.19 
Non-traditional family 1.02 0.91 1.15 1.02 0.91 1.15 
Parent drinking 1.44 1.28 1.62 1.45 1.29 1.63 
Parental connection 0.98 0.88 1.08 0.98 0.88 1.08 
Highest education 1.07 1.02 1.12 1.07 1.02 1.12 
Transition yr 1-yr 2 1.16 1.03 1.30 1.16 1.03 1.30 
Black 0.82 0.63 1.07 0.80 0.62 1.03 
Hispanic 1.39 1.00 1.93 1.40 1.00 1.96 
White 1.36 1.08 1.69 1.31 1.04 1.65 
Level 1 predictors(CGM) 
      Student 
disconnectedness 0.99 0.92 1.06 0.99 0.93 1.06 
Academic trouble 1.26 1.16 1.36 1.26 1.17 1.36 
Level 2 controls (CGM) 
      Public (v. private) 1.04 0.73 1.49 1.16 0.82 1.65 
High school (v. MS, CS) 0.99 0.78 1.26 1.06 0.81 1.39 
Middle school (v. HS, CS) 0.92 0.72 1.19 1.06 0.80 1.40 
Level 2 predictors (CGM) 
      School academic trouble 
   
0.65 0.39 1.09 
School disconnectedness 
   
1.35 0.79 2.29 
School institutional 
disengagement 
   
0.87 0.76 0.98 
Note. Bold print indicates statistically significant odds ratios (alpha=.05) for the Level 2 
predictors of interest. CGM means that all predictors are centered around their grand 
means.  
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Table 30  
Independent effects of school value-added and ethos predictors on likelihood of past 
year drinking 
  Controls + Level 1 
predictors + Lev 2 predictors 
Independent variable OR 95%CI OR 95%CI 
Level 1 controls (CGM)   
     Sex 1.16 1.05 1.29 1.16 1.05 1.29 
Wave1-drink 6.65 6.02 7.35 6.64 6.01 7.34 
Age 1.09 1.04 1.14 1.09 1.04 1.14 
Parent involvement in 
school 1.05 0.93 1.18 1.05 0.94 1.19 
Non-traditional family 1.01 0.89 1.14 1.01 0.90 1.14 
Parent drinking 1.44 1.28 1.62 1.45 1.29 1.63 
Parental connection 0.99 0.89 1.10 0.99 0.90 1.10 
Highest education 1.07 1.02 1.11 1.07 1.02 1.11 
Transition yr 1-yr 2 1.15 1.02 1.30 1.15 1.02 1.30 
Black 0.81 0.61 1.07 0.79 0.60 1.04 
Hispanic 1.38 0.97 1.95 1.38 0.97 1.98 
White 1.34 1.07 1.68 1.29 1.02 1.64 
Level 1 predictors (CGM) 
      Student 
disconnectedness 0.99 0.92 1.06 0.99 0.92 1.06 
Academic trouble 1.24 1.14 1.34 1.24 1.14 1.34 
GPA 0.97 0.89 1.05 0.97 0.89 1.05 
Days skipped 1.00 0.997 1.01 1.01 0.997 1.01 
Level 2 controls(CGM) 
      Public (v. private) 1.05 0.73 1.51 1.22 0.87 1.71 
High school (v. MS, CS) 0.97 0.77 1.23 1.09 0.84 1.43 
Middle school (v. HS, CS) 0.91 0.71 1.17 0.97 0.74 1.27 
Level 2 predictors(CGM) 
      School academic trouble 
   
0.65 0.40 1.07 
School disconnectedness 
   
1.18 0.74 1.88 
School institutional 
disengagement 
   
0.87 0.76 0.99 
Achievement added 
   
0.93 0.85 1.02 
Truancy added 
   
0.90 0.82 0.98 
Note. Bold print indicates statistically significant odds ratios (alpha=.05) for the Level 2 
predictors of interest. CGM means that all predictors are centered around their grand 
means.  
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Table 31 
Independent effects of value-added predictors on odds of past year heavy drinking 
 
Controls + Level 1 
predictors + Lev 2 predictors 
Independent variable OR 95%CI OR 95%CI 
Level 1 controls(CGM)   
     Sex 1.00 0.89 1.12 1.00 0.89 1.12 
Wave1- heavy drink 7.32 6.35 8.45 7.32 6.36 8.43 
Age 1.13 1.07 1.19 1.13 1.07 1.19 
Parent involvement in 
school 1.12 0.98 1.27 1.12 0.98 1.27 
Non-traditional family 1.05 0.93 1.19 1.05 0.93 1.19 
Parent drinking 1.37 1.21 1.56 1.37 1.21 1.56 
Parental connection 0.95 0.87 1.03 0.95 0.87 1.03 
Highest education 1.04 0.99 1.10 1.04 0.99 1.10 
Transition yr 1-yr 2 1.15 1.01 1.32 1.16 1.01 1.32 
Black 0.57 0.45 0.72 0.57 0.45 0.72 
Hispanic 1.35 1.08 1.69 1.35 1.08 1.70 
White 1.40 1.10 1.77 1.40 1.11 1.78 
Level 1 predictors (CGM) 
      GPA 0.87 0.81 0.93 0.87 0.81 0.94 
Days skipped 1.00 1.00 1.01 1.00 1.00 1.01 
Level 2 controls (CGM) 
      Public (v. private) 0.86 0.58 1.27 0.88 0.60 1.29 
High school (v. MS, CS) 1.19 0.94 1.52 1.22 0.95 1.57 
Middle school (v. HS, CS) 0.95 0.74 1.23 0.90 0.70 1.17 
Level 2 predictors (CGM) 
      Achievement added 
   
0.95 0.86 1.05 
Truancy added 
   
0.92 0.83 1.02 
Note. CGM means that all predictors are centered around their grand means.  
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Table 32 
Independent effects of school ethos predictors on likelihood of past year heavy drinking 
 
Controls + Level 1 
predictors + Lev 2 predictors 
Independent variable OR 95%CI OR 95%CI 
Level 1 controls (CGM)   
     Sex 1.01 0.91 1.13 1.01 0.90 1.13 
Wave1- heavy drinking 7.13 6.17 8.24 7.11 6.15 8.22 
Age 1.14 1.08 1.20 1.14 1.08 1.20 
Parent involvement in 
school 1.12 0.99 1.28 1.13 0.99 1.28 
Non-traditional family 1.06 0.94 1.20 1.07 0.94 1.21 
Parent drinking 1.37 1.21 1.56 1.38 1.21 1.56 
Parental connection 0.97 0.89 1.05 0.97 0.89 1.05 
Highest education 1.03 0.98 1.09 1.03 0.98 1.09 
Transition yr 1-yr 2 1.15 1.02 1.31 1.15 1.01 1.31 
Black 0.60 0.47 0.76 0.58 0.45 0.74 
Hispanic 1.42 1.14 1.76 1.43 1.14 1.80 
White 1.42 1.12 1.81 1.38 1.07 1.78 
Level 1 predictors(CGM) 
      Student disconnectedness 0.96 0.90 1.02 0.96 0.90 1.02 
Academic trouble 1.30 1.19 1.42 1.30 1.19 1.42 
Level 2 controls (CGM) 
      Public (v. private) 0.90 0.61 1.33 0.99 0.66 1.48 
High school (v. MS, CS) 1.22 0.95 1.57 1.23 0.93 1.62 
Middle school (v. HS, CS) 0.95 0.73 1.24 1.14 0.86 1.53 
Level 2 predictors (CGM) 
      School academic trouble 
   
0.52 0.28 0.94 
School disconnectedness 
   
1.84 1.03 3.29 
School institutional 
disengagement 
   
0.85 0.74 0.98 
Note. Bold print indicates statistically significant odds ratios (alpha=.05) for the Level 2 
predictors of interest. CGM means that all predictors are centered around their grand 
means.  
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Table 33 
 
 Independent effects of school value-added and ethos predictors on likelihood of past 
year heavy drinking 
 
 
Controls + Level 1 
predictors + Lev 2 predictors 
OR 95%CI OR 95%CI 
Level 1 controls (CGM)   
     Sex 1.03 0.92 1.15 1.03 0.92 1.15 
Wave1-heavy drinking 7.01 6.07 8.11 6.99 6.05 8.09 
Age 1.14 1.08 1.20 1.14 1.08 1.20 
Parent involvement in 
school 1.12 0.98 1.27 1.12 0.98 1.28 
Non-traditional family 1.05 0.93 1.19 1.05 0.93 1.20 
Parent drinking 1.38 1.21 1.56 1.38 1.22 1.57 
Parental connection 0.97 0.89 1.06 0.97 0.89 1.06 
Highest education 1.04 0.98 1.10 1.04 0.98 1.10 
Transition yr 1-yr 2 1.15 1.00 1.31 1.15 1.00 1.31 
Black 0.58 0.46 0.73 0.56 0.44 0.72 
Hispanic 1.38 1.11 1.73 1.40 1.11 1.76 
White 1.40 1.10 1.78 1.35 1.05 1.74 
Level 1 predictors (CGM) 
      Student disconnectedness 0.96 0.90 1.02 0.96 0.90 1.02 
Academic trouble 1.27 1.16 1.40 1.27 1.16 1.40 
GPA 0.93 0.86 1.0 0.93 0.86 1.00 
Days skipped 1.00 0.99 1.01 1.00 0.99 1.01 
Level 2 controls(CGM) 0.90 0.61 1.33 1.02 0.69 1.51 
Public (v. private) 1.19 0.94 1.52 1.24 0.95 1.62 
High school (v. MS, CS) 0.94 0.73 1.22 1.11 0.82 1.50 
Middle school (v. HS, CS) 0.94 0.73 1.22 1.11 0.82 1.50 
Level 2 predictors(CGM) 
      School academic trouble 
   
0.49 0.26 0.90 
School disconnectedness 
   
1.63 0.95 2.82 
School institutional 
disengagement 
   
0.85 0.73 0.98 
Achievement added 
   
0.92 0.83 1.02 
Truancy added 
   
0.93 0.84 1.04 
Note. Bold print indicates statistically significant odds ratios (alpha=.05) for the Level 2 
predictors of interest. CGM means that all predictors are centered around their grand 
means.  
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Table 34 
Independent effects of value-added predictors on likelihood of past year marijuana use 
 Controls + Level 1 
predictors + Lev 2 predictors 
 OR 95%CI OR 95%CI 
Level 1 controls(CGM)   
     Sex 1.21 1.06 1.38 1.21 1.06 1.38 
Wave1- marijuana use 11.30 9.68 13.20 11.29 9.65 13.21 
Age 
 
0.88 1.00 0.94 0.88 1.00 
Parent involvement in 
school 1.03 0.89 1.19 1.03 0.89 1.19 
Non-traditional family 1.24 1.07 1.44 1.24 1.07 1.44 
Parental connection 0.89 0.80 0.99 0.89 0.81 0.99 
Highest education 1.10 1.04 1.16 1.10 1.04 1.16 
Transition yr 1-yr 2 1.14 0.99 1.32 1.14 0.99 1.32 
Black 1.19 0.82 1.71 1.19 0.83 1.71 
Hispanic 1.72 1.33 2.22 1.72 1.33 2.22 
White 1.72 1.26 2.36 1.73 1.27 2.35 
Level 1 predictors (CGM) 
      GPA 0.79 0.72 0.88 0.79 0.72 0.88 
Days skipped 1.01 1.00 1.02 1.01 1.00 1.02 
Level 2 controls (CGM) 
      Public (v. private) 0.89 0.63 1.25 0.90 0.64 1.27 
High school (v. MS, CS) 1.38 1.04 1.85 1.41 1.03 1.92 
Middle school (v. HS, CS) 1.16 0.87 1.55 1.11 0.84 1.48 
Level 2 predictors(CGM) 
      Achievement added 
   
0.97 0.89 1.06 
Truancy added 
   
0.94 0.85 1.04 
Note. CGM means that all predictors are centered around their grand means.  
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Table 35 
  
Independent effects of school ethos on likelihood of past year marijuana use 
 Controls + Level 1 
predictors + Lev 2 predictors 
 OR 95%CI OR 95%CI 
Level 1 controls (CGM) 
      Sex 1.19 1.05 1.35 1.19 1.05 1.36 
Wave1- marijuana use 10.95 9.38 12.78 10.92 9.36 12.75 
Age 0.94 0.89 1.01 0.94 0.89 1.01 
Parent involvement in 
school 1.04 0.90 1.20 1.04 0.90 1.21 
Non-traditional family 1.26 1.10 1.46 1.27 1.10 1.46 
Parental connection 0.94 0.84 1.04 0.93 0.84 1.04 
Highest education 1.07 1.02 1.13 1.07 1.02 1.13 
Transition yr 1-yr 2 1.13 0.99 1.30 1.13 0.99 1.30 
Black 1.25 0.83 1.87 1.24 0.81 1.89 
Hispanic 1.82 1.40 2.38 1.83 1.40 2.38 
White 1.72 1.23 2.39 1.72 1.22 2.43 
Level 1 predictors (CGM) 
      Student disconnectedness 1.10 1.00 1.21 1.09 0.99 1.20 
Academic trouble 1.36 1.23 1.50 1.36 1.24 1.50 
Level 2 controls (CGM) 
      Public (v. private) 0.92 0.66 1.29 0.86 0.60 1.22 
High school (v. MS, CS) 1.38 1.04 1.84 1.20 0.87 1.65 
Middle school (v. HS, CS) 1.13 0.85 1.51 1.25 0.90 1.75 
Level 2 predictors (CGM) 
      School academic trouble 
   
0.62a 0.38 1.01 
School disconnectedness 
   
2.06 1.23 3.44 
School institutional 
disengagement 
   
0.99 0.85 1.17 
Note. Bold print indicates statistically significant odds ratios (alpha=.05) for the Level 2 
predictors of interest. CGM means that all predictors are centered around their grand 
means.  
aCoefficient marginally significant. 
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Table 36 
Independent effects of school value-added and ethos predictors on likelihood of past 
year marijuana use 
 Controls + Level 1 
predictors + Lev 2 predictors 
 OR 95%CI OR 95%CI 
Level 1 controls (CGM)   
     Sex 1.23 1.09 1.40 1.23 1.08 1.40 
Wave1- marijuana use 10.55 9.04 12.32 10.54 9.03 12.30 
Age 0.94 0.89 1.00 0.94 0.89 1.00 
Parent involvement in 
school 1.03 0.89 1.20 1.04 0.90 1.20 
Non-traditional family 1.24 1.07 1.44 1.24 1.07 1.44 
Parental connection 0.95 0.85 1.05 0.95 0.85 1.05 
Highest education 1.09 1.04 1.15 1.09 1.04 1.15 
Transition yr 1-yr 2 1.12 0.97 1.28 1.12 0.97 1.28 
Black 1.21 0.83 1.76 1.21 0.82 1.78 
Hispanic 1.75 1.35 2.29 1.76 1.35 2.29 
White 1.71 1.25 2.35 1.71 1.23 2.38 
Level 1 predictors (CGM) 
      Student disconnectedness 1.10 1.00 1.20 1.09 0.99 1.20 
Academic trouble 1.29 1.16 1.43 1.29 1.17 1.43 
GPA 0.86 0.79 0.95 0.87 0.79 0.95 
Days skipped 1.01 0.99 1.02 1.01 0.99 1.02 
Level 2 controls (CGM) 
      Public (v. private) 0.90 0.64 1.28 0.87 0.61 1.23 
High school (v. MS, CS) 1.38 1.04 1.83 1.23 0.89 1.70 
Middle school (v. HS, CS) 1.14 0.85 1.52 1.22 0.87 1.72 
Level 2 predictors (CGM) 
      School academic trouble 
   
0.61 0.34 1.10 
School disconnectedness 
   
1.92 1.13 3.26 
School institutional 
disengagement 
   
1.00 0.85 1.18 
Achievement added 
   
0.97 0.88 1.07 
Truancy added 
   
0.95 0.86 1.04 
Note. Bold print indicates statistically significant odds ratios (alpha=.05) for the Level 2 
predictors of interest. CGM means that all predictors are centered around their grand 
means.  
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Table 37 
 
Summary of significant effects of school level variables across outcomes 
 
 Smoking Drinking 
 Smk-VAa Smk-Ethb Smk-Fullc Drink-VAa Drink-Ethb Drink-Fullc 
School academic 
trouble (+)       
School 
disconnectedness 
(+)       
School 
institutional 
disengagement 
(+)  
.87 
(.76, .99) 
.87 
(.76, 1.00)  
.87 
(.76, .98) 
.87 
(.76, .99) 
Achievement 
added (-)       
Truancy added 
(+) 
.91 
(.85, .98)  
.92 
(.86, 1.00) 
.88 
(.82, .96)  
.90 
(.82, .98) 
 
 Heavy Drinking Marijuana Use 
 HDrk-VAa HDrk-Ethb HDrk-Fullc Marij-VAa Marij-Ethb Marij-Fullc 
School academic 
trouble (+)  
.52 
(.28, .94) 
.49 
(.26, .90)  
.62 
(.38, 1.01)  
School 
disconnectedness 
(+)  
1.84 
(1.03, 
3.29)   
2.06 
(1.23, 
3.44) 
1.92 
(1.13, 
3.26) 
School 
institutional 
disengagement 
(+)  
.85 
(.74, .98) 
.85 
(.73, .98)    
Achievement 
added (-)       
Truancy added 
(+) 
      
Note. (+) or (-) indicates the expected direction of the relationship between the predictor and 
the outcome. Statistics are odds ratios and 95% confidence intervals. 
aOutcome regressed on value-added predictors. bOutcome regressed on ethos predictors.  
cOutcome regressed on all predictors combined.   
  
Table 38  
Predicted probabilities of substance use outcomes for an average student based on significant beta coefficients for the school 
level predictor 
 
Outcome/ Predictor At maximum value of 
predictor (worst) 
At mean of predictor 
(average) 
At minimum value of 
predictor (best) 
Smoking    
    
School truancy added 0.33 0.42 0.46 
    
School institutional 
disengagement 
0.36 0.42 0.48 
    
Drinking    
    
School truancy added 0.34 0.46 0.53 
    
School institutional 
disengagement 
0.40 0.46 0.52 
    
Heavy drinking (Ethos model)    
    
School academic trouble 0.20 0.27 0.42 
    
School disconnectedness 0.33 0.27 0.18 
    
School institutional 
disengagement 
0.22 0.27 0.33 
    
Marijuana use    
    
School disconnectedness 0.26 0.20 0.13 
 
1
3
1
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Table 39  
Moderating effects of level 2 school context predictors on relationship between level 1 
predictors and smoking 
 
Controls + all predictors + interactions 
Independent variable OR 95%CI OR 95%CI 
   
     Level 1 controls (CWC)        
Sex 1.14 0.99 1.32 1.14 0.99 1.32 
Wave1-smoke 7.90 6.81 9.17 7.89 6.80 9.16 
Age 0.95 0.90 0.99 0.95 0.90 0.99 
Parent involvement in 
school 1.08 0.95 1.23 1.08 0.95 1.23 
Non-traditional family 1.10 0.96 1.26 1.10 0.96 1.26 
Parent smoker 1.02 0.88 1.17 1.02 0.88 1.17 
Parental connection 0.95 0.86 1.05 0.95 0.86 1.05 
Highest education 1.07 1.02 1.12 1.07 1.02 1.12 
Transition yr 1-yr 2 1.25 1.08 1.45 1.25 1.08 1.45 
Black 0.60 0.43 0.84 0.60 0.43 0.84 
Hispanic 1.23 0.96 1.57 1.23 0.97 1.58 
White 1.42 1.01 1.99 1.42 1.01 2.00 
Level 1 predictors (CWC) 
      Student disconnectedness 1.03 0.96 1.10 1.40 0.68 2.90 
Academic trouble 1.34 1.23 1.45 1.23 0.53 2.86 
GPA 0.81 0.75 0.88 0.81 0.75 0.88 
Days skipped 1.02 1.01 1.03 1.02 1.01 1.04 
Level 2 controls 
      Public (v. private) 1.47 0.97 2.23 1.48 0.98 2.23 
High school (v. MS, CS) 1.21 0.79 1.85 1.23 0.80 1.87 
Middle school (v. HS, CS) 1.12 0.76 1.65 1.14 0.77 1.67 
Level 2 predictors 
      School disconnectedness 1.58 0.74 3.41 1.59 0.74 3.42 
School academic trouble 0.36 0.15 0.86 0.36 0.16 0.84 
School instit disenga 0.81 0.67 0.99 0.80 0.66 0.98 
Achievement added 0.86 0.75 0.99 0.86 0.75 0.99 
Truancy added 0.99 0.88 1.12 0.99 0.87 1.11 
Cross-level interactions 
      Stu disconn*Sch disconnb 
   
0.88 0.66 1.19 
Stu acad trouble * Sch 
acad troublec 
   
1.03 0.75 1.42 
GPA*achievement addedd 
   
0.99 0.90 1.09 
Days skipped*Tru addede 
   
1.00 0.99 1.00 
Note. Level 1 predictors and controls are centered within cluster (CWC). 
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aSchool institutional disengagement. bStudent disconnectedness*School 
disconnectedness. cStudent academic trouble*School academic trouble. 
dGPA*Achievement added. eDays skipped*Truancy added  
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Table 40 
 
Moderating effects of level 2 school context predictors on relationship between level 1 
predictors and drinking 
  Controls + all predictors + interactions 
Independent variable OR 95%CI OR 95%CI 
Level 1 controls (CWC) 
      Sex 1.17 1.06 1.30 1.17 1.05 1.29 
Wave1-drink 6.59 5.96 7.28 6.59 5.97 7.29 
Age 1.09 1.04 1.14 1.09 1.04 1.14 
Parent involvement in 
school 1.06 0.94 1.20 1.06 0.94 1.20 
Non-traditional family 1.02 0.90 1.16 1.02 0.91 1.16 
Parent drinking 1.41 1.25 1.58 1.41 1.25 1.58 
Parental connection 0.99 0.89 1.09 0.99 0.89 1.09 
Highest education 1.06 1.02 1.11 1.06 1.02 1.11 
Transition yr 1-yr 2 1.17 1.04 1.32 1.16 1.03 1.31 
Black 0.84 0.63 1.13 0.84 0.61 1.14 
Hispanic 1.41 0.97 2.05 1.41 0.95 2.08 
White 1.27 1.01 1.61 1.26 0.99 1.61 
Level 1 predictors (CWC) 
      Student disconnectedness 0.99 0.92 1.06 0.60 0.28 1.26 
Academic trouble 1.24 1.14 1.34 2.51 1.16 5.42 
GPA 0.96 0.89 1.05 0.99 0.91 1.07 
Days skipped 1.01 1.00 1.01 1.01 1.00 1.02 
Level 2 controls 
      Public (v. private) 1.21 0.72 2.02 1.17 0.70 1.98 
High school (v. MS, CS) 1.49 0.98 2.25 1.48 0.98 2.26 
Middle school (v. HS, CS) 0.84 0.59 1.19 0.85 0.59 1.23 
Level 2 predictors 
      School disconnectedness 1.32 0.70 2.51 1.38 0.72 2.66 
School academic trouble 0.46 0.22 0.99 0.46 0.21 1.01 
School instit disenga 0.85 0.71 1.01 0.84 0.70 1.01 
Achievement added 0.84 0.74 0.95 0.84 0.83 0.85 
Truancy added 0.91 0.81 1.02 0.92 0.82 1.04 
Cross-level interactions 
      Stu disconn*Sch disconnb 
   
1.23 0.91 1.67 
Stu acad trb * Sch acad trbc 
   
0.76 0.57 1.02 
GPA*achievement addedd 
   
1.08 1.00 1.16 
Days skipped*Tru addede 
   
0.995 0.991 0.999 
Note. Level 1 predictors and controls are centered within cluster (CWC). Bold indicates 
statistically significant result. 
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aSchool institutional disengagement. bStudent disconnectedness*School 
disconnectedness. cStudent academic trouble*School academic trouble. 
dGPA*Achievement added. eDays skipped*Truancy added   
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Table 41 
Moderating effects of level 2 school context predictors on relationship between level 1 
predictors and heavy drinking 
 Controls + all predictors + interactions 
Independent variable OR 95%CI OR 95%CI 
Level 1 controls (CWC)   
     Sex 1.04 0.93 1.17 1.04 0.93 1.17 
Wave1- heavy drinking 6.94 5.98 8.06 6.91 5.94 8.04 
Age 1.14 1.08 1.20 1.14 1.07 1.20 
Parent involvement in 
school 1.14 1.00 1.30 1.14 1.00 1.30 
Non-traditional family 1.07 0.94 1.21 1.07 0.94 1.21 
Parent drinking 1.35 1.19 1.53 1.35 1.19 1.54 
Parental connection 0.96 0.88 1.05 0.96 0.88 1.05 
Highest education 1.03 0.98 1.09 1.04 0.98 1.09 
Transition yr 1-yr 2 1.16 1.01 1.33 1.15 1.01 1.32 
Black 0.62 0.49 0.78 0.62 0.49 0.78 
Hispanic 1.45 1.14 1.84 1.45 1.14 1.84 
White 1.34 1.05 1.72 1.34 1.05 1.72 
Level 1 predictors (CWC) 
      Student disconnectedness 0.95 0.89 1.01 0.87 0.45 1.67 
Academic trouble 1.27 1.15 1.39 1.61 0.64 4.05 
GPA 0.93 0.86 1.00 0.94 0.87 1.01 
Days skipped 1.00 0.99 1.01 1.01 1.00 1.01 
Level 2 controls 
      Public (v. private) 1.09 0.63 1.86 1.08 0.63 1.87 
High school (v. MS, CS) 1.64 1.07 2.52 1.65 1.07 2.55 
Middle school (v. HS, CS) 0.87 0.59 1.29 0.88 0.59 1.31 
Level 2 predictors 
      School disconnectedness 1.36 0.66 2.81 1.39 0.67 2.88 
School academic trouble 0.27 0.11 0.70 0.27 0.10 0.70 
School instit disenga 0.85 0.69 1.05 0.84 0.68 1.04 
Achievement added 0.82 0.71 0.94 0.82 0.71 0.95 
Truancy added 0.95 0.81 1.10 0.95 0.81 1.10 
Cross-level interactions 
      Stu disconn*Sch disconnb 
   
1.04 0.79 1.36 
Stu acad trb * Sch acad 
troublec  
   
0.91 0.65 1.29 
GPA*achievement addedd 
   
1.04 0.97 1.11 
Days skipped*Tru addede 
   
1.00 0.99 1.00 
Note. Level 1 predictors and controls are centered within cluster (CWC). 
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aSchool institutional disengagement. bStudent disconnectedness*School 
disconnectedness. cStudent academic trouble*School academic trouble. 
dGPA*Achievement added. eDays skipped*Truancy added  
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Table 42 
Moderating effects of level 2 school context predictors on relationship between level 1 
predictors and marijuana use 
  Controls + all predictors + interactions 
Independent variable OR 95%CI OR 95%CI 
Level 1 controls (CWC)   
     Sex 1.23 1.09 1.40 1.24 1.09 1.41 
Wave1- marijuana use 10.54 9.01 12.33 10.27 8.76 12.03 
Age 0.95 0.89 1.01 0.94 0.88 1.01 
Parent involvement in 
school 1.04 0.90 1.21 1.05 0.90 1.22 
Non-traditional family 1.24 1.07 1.44 1.24 1.07 1.44 
Parental connection 0.95 0.85 1.05 0.95 0.85 1.05 
Highest education 1.08 1.02 1.14 1.08 1.03 1.15 
Transition yr 1-yr 2 1.12 0.98 1.29 1.12 0.98 1.29 
Black 1.34 0.93 1.93 1.36 0.94 1.95 
Hispanic 1.89 1.41 2.53 1.91 1.43 2.55 
White 1.81 1.33 2.47 1.83 1.35 2.49 
Level 1 predictors (CWC) 
      Student disconnectedness 1.09 0.99 1.19 1.28 0.52 3.15 
Academic trouble 1.29 1.16 1.43 0.91 0.32 2.64 
GPA 0.86 0.78 0.95 0.85 0.77 0.94 
Days skipped 1.01 0.99 1.02 1.02 1.00 1.03 
Level 2 controls 
      Public (v. private) 0.74 0.46 1.20 0.74 0.46 1.20 
High school (v. MS, CS) 1.48 0.98 2.26 1.49 0.98 2.27 
Middle school (v. HS, CS) 1.38 0.88 2.18 1.40 0.89 2.21 
Level 2 predictors 
      School disconnectedness 2.67 1.40 5.07 2.68 1.40 5.10 
School academic trouble 0.57 0.27 1.20 0.56 0.26 1.18 
School instit disengage
a 1.02 0.85 1.24 1.02 0.85 1.24 
Achievement added 0.87 0.77 0.99 0.87 0.76 0.98 
Truancy added 1.01 0.88 1.16 1.02 0.89 1.17 
Cross-level interactions 
      Stu disconn*Sch disconnb 
   
0.93 0.64 1.37 
Stu acad trb * Sch acad 
troublec  
   
1.14 0.76 1.70 
GPA*achievement addedd 
   
0.96 0.87 1.06 
Days skipped*Tru addede 
   
0.99 0.99 1.00 
Note. Level 1 predictors and controls are centered within cluster (CWC). 
aSchool institutional disengagement. bStudent disconnectedness*School 
disconnectedness. cStudent academic trouble*School academic trouble. 
dGPA*Achievement added. eDays skipped*Truancy added  
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Table 43 
Pseudo Intraclass Correlation Coefficients (ICCs) for substance use outcomes among 
middle and high school students 
Substance use 
outcome 
Middle school 
between-school 
variance (N=51) 
ICC (Τ00/ 
[Τ00+ π
2/3]) 
High  school 
between-school 
variance (N=57) 
ICC (Τ00/ 
[Τ00+ π
2/3]) 
Smoking .181 (.062) .052 .153 (.044) .044 
Drinking .112 (.031) .033 .182 (.051) .052 
Heavy drinking .204 (.057) .058 .299 (.097) .083 
Marijuana use .149 (.051) .043 .253 (.055) .071 
 
  
Table 44 
Independent effects of school value-added and school ethos predictors on likelihood of smoking in the past year among 
middle school and high school students 
 Middle school High School 
 
Controls+ Level 1 
predictors + Level 2 predictors 
Controls+ Level 1 
predictors + Level 2 predictors 
Independent 
Variables 
OR 95% CI OR 95% CI OR 95%CI OR 95% CI 
Level 1 controls             
Sex 1.22 1.00 1.49 1.23 1.00 1.50 1.08 0.88 1.34 1.08 0.88 1.34 
Wave1-smoke 7.58 6.15 9.35 7.55 6.14 9.30 7.91 6.35 9.85 7.90 6.34 9.84 
Age 0.94 0.83 1.07 0.94 0.83 1.07 0.94 0.88 1.00 0.94 0.88 1.00 
Parent 
involvement 1.03 0.83 1.28 1.04 0.83 1.30 1.10 0.92 1.31 1.10 0.92 1.32 
N-T family 1.07 0.85 1.36 1.08 0.86 1.37 1.13 0.94 1.36 1.13 0.94 1.36 
Parent Smoker 1.05 0.83 1.34 1.06 0.84 1.35 0.99 0.83 1.18 0.99 0.83 1.19 
Parental 
connection 0.98 0.79 1.21 0.97 0.78 1.20 0.94 0.82 1.07 0.94 0.83 1.07 
Highest education 1.06 0.96 1.17 1.05 0.96 1.16 1.08 1.02 1.15 1.08 1.02 1.15 
Transition 1.17 0.91 1.51 1.17 0.91 1.51 1.34 1.11 1.63 1.35 1.11 1.64 
Black 0.44 0.28 0.69 0.42 0.27 0.67 0.68 0.49 0.95 0.66 0.47 0.93 
Hispanic 0.86 0.53 1.39 0.84 0.52 1.36 1.32 1.05 1.65 1.32 1.06 1.65 
White 1.05 0.67 1.66 0.99 0.61 1.62 1.75 1.25 2.45 1.69 1.20 2.38 
Level 1 predictors             
Stud disconnect 0.94 0.79 1.11 0.93 0.78 1.11 1.09 1.01 1.18 1.09 1.01 1.18 
Stud academic 
trouble 1.50 1.27 1.78 1.50 1.27 1.78 1.29 1.15 1.44 1.29 1.15 1.45 
GPA 0.80 0.70 0.92 0.79 0.68 0.91 0.82 0.72 0.92 0.82 0.72 0.92 
Days skipped 1.01 0.98 1.04 1.01 0.98 1.04 1.02 1.01 1.03 1.02 1.01 1.03 
Level 2 controls             
Public  0.96 0.84 1.11 0.98 0.82 1.16 0.72 0.61 0.86 0.86 0.67 1.09 
Level 2 predictors             
1
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 Middle school High School 
 
Controls+ Level 1 
predictors + Level 2 predictors 
Controls+ Level 1 
predictors + Level 2 predictors 
Independent 
Variables 
OR 95% CI OR 95% CI OR 95%CI OR 95% CI 
Sch academic 
troublea    0.43 0.14 1.30    0.80 0.39 1.65 
Sch 
disconnectednessb    1.71 0.63 4.69    1.30 0.71 2.39 
Inst. Disengagec     0.86 0.65 1.14    0.92 0.77 1.09 
Achieve added    1.09 0.94 1.26    0.95 0.81 1.12 
Truancy added    1.15 0.97 1.38    0.89 0.81 0.98 
Note. All predictors and controls are centered at their grand means. Bold indicates statistically significant result of Level 2 
variables. 
aSchool academic trouble. b School disconnectedness. cSchool institutional disengagement.  
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Table 45 
Independent effects of school value-added and school ethos predictors on likelihood of drinking in the past year among 
middle school and high school students 
 Middle school High School 
 Controls+ Level 1 preds + Level 2 preds Controls+ Level 1 preds + Level 2 preds 
Independent 
Variables 
OR 95% CI OR 95% CI OR 95%CI OR 95% CI 
Level 1 controls             
Sex 1.50 1.22 1.84 1.51 1.23 1.85 1.01 0.89 1.15 1.01 0.89 1.15 
Wave1-smoke 6.28 5.15 7.65 6.29 5.17 7.65 6.62 5.83 7.52 6.62 5.83 7.52 
Age 1.11 0.99 1.26 1.11 0.99 1.26 1.06 1.00 1.13 1.06 1.00 1.13 
Parent 
involvement 1.19 0.94 1.50 1.19 0.94 1.51 0.98 0.84 1.15 0.98 0.84 1.15 
N-T family 1.29 1.05 1.59 1.29 1.04 1.59 0.96 0.81 1.14 0.96 0.82 1.14 
Parent drink 1.45 1.19 1.77 1.47 1.20 1.80 1.44 1.23 1.68 1.45 1.23 1.70 
Parental 
connection 0.91 0.72 1.15 0.91 0.72 1.15 1.02 0.90 1.14 1.02 0.91 1.14 
Highest education 1.04 0.94 1.15 1.04 0.94 1.15 1.07 1.00 1.14 1.07 1.00 1.14 
Transition 1.23 0.96 1.57 1.22 0.96 1.56 1.22 1.05 1.42 1.23 1.06 1.43 
Black 0.97 0.58 1.64 0.93 0.55 1.57 0.79 0.55 1.14 0.77 0.54 1.09 
Hispanic 2.12 1.26 3.56 2.12 1.28 3.51 1.32 0.81 2.13 1.32 0.80 2.19 
White 2.08 1.26 3.43 1.97 1.17 3.30 1.26 0.95 1.68 1.20 0.90 1.60 
Level 1 predictors             
Stud disconnect 0.87 0.75 1.01 0.88 0.76 1.01 1.02 0.94 1.10 1.02 0.94 1.10 
Stud academic 
trouble 1.23 1.05 1.45 1.23 1.04 1.44 1.24 1.12 1.38 1.25 1.12 1.39 
GPA 0.97 0.82 1.15 0.96 0.81 1.15 0.97 0.88 1.08 0.97 0.88 1.08 
Days skipped 1.00 0.97 1.02 1.00 0.97 1.02 1.00 0.99 1.01 1.00 1.00 1.01 
Level 2 controls             
Public  0.95 0.48 1.90 0.90 0.56 1.44 0.60 0.44 0.82 0.76 0.50 1.14 
Level 2 predictors             
Sch academic    0.86 0.44 1.71    0.52 0.24 1.12 
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 Middle school High School 
 Controls+ Level 1 preds + Level 2 preds Controls+ Level 1 preds + Level 2 preds 
Independent 
Variables 
OR 95% CI OR 95% CI OR 95%CI OR 95% CI 
troublea 
Sch 
disconnectednessb    0.93 0.47 1.85    1.27 0.63 2.55 
Inst. Disengagec     0.83 0.68 1.02    0.91 0.75 1.11 
Achieve added    1.01 0.88 1.15    0.86 0.76 0.99 
Truancy added    0.99 0.82 1.19    0.89 0.80 0.99 
Note. All predictors and controls are centered at their grand means. Bold indicates statistically significant result of Level 2 
variables. 
aSchool academic trouble. b School disconnectedness. cSchool institutional disengagement.  
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Table 46 
Independent effects of school value-added and school ethos predictors on likelihood of heavy drinking in the past year among 
middle school and high school students  
 Middle school High School  
 Controls+ Level 1 preds + Level 2 preds Controls+ Level 1 preds + Level 2 preds 
Independent 
Variables 
OR 95% CI OR 95% CI OR 95%CI OR 95% CI 
Level 1 controls             
Sex 1.41 1.14 1.74 1.42 1.14 1.76 0.89 0.79 1.01 0.89 0.78 1.01 
Wave1-smoke 7.45 5.43 10.21 7.42 5.39 10.21 6.73 5.55 8.17 6.71 5.51 8.16 
Age 1.15 0.98 1.34 1.15 0.98 1.34 1.08 1.01 1.16 1.08 1.01 1.16 
Parent 
involvement 1.10 0.84 1.44 1.12 0.85 1.47 1.12 0.93 1.35 1.13 0.94 1.35 
N-T family 1.10 0.83 1.45 1.11 0.84 1.47 1.08 0.93 1.25 1.09 0.94 1.26 
Parent drink 1.36 1.07 1.73 1.37 1.07 1.75 1.40 1.19 1.64 1.41 1.19 1.66 
Parental 
connection 0.87 0.71 1.07 0.86 0.70 1.06 1.03 0.93 1.15 1.03 0.93 1.14 
Highest education 0.98 0.87 1.11 0.98 0.87 1.11 1.05 0.98 1.12 1.05 0.98 1.13 
Transition 1.53 1.16 2.03 1.53 1.15 2.02 1.12 0.96 1.31 1.12 0.96 1.31 
Black 0.86 0.42 1.75 0.83 0.40 1.70 0.63 0.47 0.85 0.62 0.46 0.83 
Hispanic 2.37 1.20 4.69 2.39 1.21 4.72 1.47 1.12 1.93 1.49 1.12 1.98 
White 2.12 1.00 4.49 1.98 0.90 4.34 1.68 1.30 2.15 1.63 1.26 2.11 
Level 1 predictors             
Stud disconnect 0.84 0.72 0.97 0.84 0.73 0.97 1.00 0.92 1.08 1.00 0.91 1.08 
Stud academic 
trouble 1.39 1.15 1.67 1.38 1.15 1.66 1.21 1.07 1.36 1.21 1.08 1.36 
GPA 0.97 0.79 1.19 0.96 0.78 1.18 0.91 0.83 1.00 0.91 0.84 1.00 
Days skipped 0.99 0.97 1.02 0.99 0.97 1.02 1.00 0.99 1.00 1.00 0.99 1.00 
Level 2 controls             
Public  0.86 0.66 1.11 0.79 0.59 1.07 0.54 0.36 0.81 0.58 0.34 0.98 
Level 2 predictors             
Sch academic    0.41 0.15 1.11    0.57 0.20 1.65 
1
3
1
 
  
 Middle school High School  
 Controls+ Level 1 preds + Level 2 preds Controls+ Level 1 preds + Level 2 preds 
Independent 
Variables 
OR 95% CI OR 95% CI OR 95%CI OR 95% CI 
troublea 
Sch 
disconnectednessb    1.49 0.63 3.55    1.74 0.79 3.82 
Inst. Disengagec     0.76 0.58 0.99    0.93 0.76 1.14 
Achieve added    0.96 0.83 1.11    0.92 0.79 1.09 
Truancy added    1.14 0.89 1.46    0.93 0.82 1.05 
Note. All predictors and controls are centered at their grand means. Bold indicates statistically significant result of Level 2 
variables. 
aSchool academic trouble. b School disconnectedness. cSchool institutional disengagement.  
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Table 47  
Independent effects of school value-added and school ethos predictors on likelihood of marijuana use in the past year among 
middle school and high school students  
 Middle school High School 
 Controls+ Level 1 preds + Level 2 predictors Controls+ Level 1 preds + Level 2 predictors 
Independent 
Variables 
OR 95% CI OR 95% CI OR 95%CI OR 95% CI 
Level 1 controls             
Sex 1.13 0.90 1.43 1.13 0.90 1.42 1.18 1.00 1.39 1.17 0.99 1.39 
Wave1-smoke 7.81 5.45 11.18 7.92 5.54 11.34 10.99 8.96 13.48 11.05 8.97 13.60 
Age 1.03 0.91 1.17 1.02 0.90 1.16 0.88 0.82 0.95 0.88 0.82 0.95 
Parent 
involvement 1.06 0.80 1.41 1.09 0.83 1.42 0.97 0.81 1.16 0.97 0.81 1.15 
N-T family 1.26 0.95 1.67 1.23 0.93 1.64 1.24 1.05 1.47 1.24 1.05 1.47 
Parental 
connection 0.91 0.74 1.13 0.90 0.73 1.11 1.00 0.89 1.13 1.00 0.89 1.13 
Highest education 1.03 0.91 1.16 1.02 0.91 1.15 1.11 1.03 1.18 1.10 1.03 1.18 
Transition 1.17 0.91 1.50 1.16 0.90 1.50 1.15 0.98 1.37 1.16 0.98 1.37 
Black 1.10 0.34 3.59 1.04 0.32 3.41 1.37 0.91 2.07 1.42 0.94 2.15 
Hispanic 2.05 0.56 7.59 2.06 0.57 7.44 1.69 1.34 2.14 1.68 1.32 2.13 
White 2.00 0.64 6.26 2.25 0.71 7.12 1.80 1.22 2.67 1.77 1.17 2.69 
Level 1 predictors             
Stud disconnect 0.92 0.78 1.08 0.89 0.76 1.05 1.19 1.06 1.34 1.19 1.06 1.33 
Stud academic 
trouble 1.40 1.14 1.70 1.40 1.15 1.69 1.21 1.06 1.39 1.22 1.06 1.39 
GPA 0.79 0.66 0.95 0.78 0.64 0.94 0.88 0.78 0.99 0.88 0.78 0.99 
Days skipped 1.03 0.99 1.07 1.03 0.99 1.06 1.00 0.99 1.02 1.00 0.99 1.02 
Level 2 controls             
Public  0.80 0.42 1.55 0.85 0.47 1.55 0.62 0.47 0.82 0.61 0.41 0.89 
Level 2 predictors             
Sch academic 
troublea    0.79 0.40 1.56    0.46 0.20 1.04 
1
3
1
 
  
 Middle school High School 
 Controls+ Level 1 preds + Level 2 predictors Controls+ Level 1 preds + Level 2 predictors 
Independent 
Variables 
OR 95% CI OR 95% CI OR 95%CI OR 95% CI 
Sch 
disconnectednessb    4.75 2.58 8.75    1.11 0.56 2.19 
Inst. Disengagec     0.99 0.79 1.24    1.15 0.94 1.41 
Achieve added    1.11 0.98 1.25    0.95 0.79 1.13 
Truancy added    1.11 0.94 1.31    0.98 0.87 1.10 
Note. All predictors and controls are centered at their grand means. Bold indicates statistically significant result of Level 2 
variables. 
aSchool academic trouble. b School disconnectedness. cSchool institutional disengagement.  
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Table 48 
Effects of cross-level interactions on likelihood of drinking in the past year among middle school students 
 Middle school High School 
 Controls + all predictors + Interactions Controls + all predictors + Interactions 
Independent 
Variables 
OR 95% CI OR 95% CI OR 95%CI OR 95% CI 
Level 1 controls             
Sex 1.52 1.24 1.86 1.52 1.24 1.87 1.01 0.89 1.15 1.01 0.89 1.15 
Wave1-smoke 6.24 5.11 7.62 6.37 5.18 7.82 6.61 5.80 7.52 6.60 5.79 7.53 
Age 1.11 0.97 1.26 1.10 0.97 1.26 1.06 0.99 1.12 1.05 0.99 1.12 
Parent 
involvement 1.19 0.93 1.51 1.18 0.92 1.50 0.99 0.84 1.16 0.99 0.84 1.16 
N-T family 1.32 1.06 1.63 1.28 1.03 1.60 0.98 0.82 1.16 0.98 0.82 1.16 
Parent drink 1.44 1.18 1.76 1.45 1.18 1.78 1.42 1.21 1.67 1.42 1.21 1.67 
Parental 
connection 0.91 0.72 1.15 0.90 0.71 1.15 1.01 0.90 1.14 1.01 0.90 1.14 
Highest education 1.05 0.95 1.17 1.04 0.94 1.17 1.06 0.99 1.12 1.06 0.99 1.13 
Transition 1.26 0.99 1.60 1.24 0.97 1.59 1.24 1.07 1.44 1.23 1.06 1.43 
Black 0.97 0.55 1.70 0.94 0.53 1.66 0.80 0.55 1.15 0.79 0.55 1.15 
Hispanic 2.07 1.23 3.47 1.98 1.17 3.37 1.34 0.80 2.26 1.34 0.79 2.27 
White 1.83 1.06 3.16 1.74 1.01 2.99 1.19 0.91 1.56 1.18 0.90 1.56 
Level 1 predictors             
Stud disconnect 0.89 0.76 1.03 0.16 0.03 0.79 1.02 0.94 1.10 0.83 0.26 2.63 
Stud academic 
trouble 1.22 1.03 1.43 6.35 1.41 28.60 1.24 1.11 1.38 0.74 0.18 2.93 
GPA 0.95 0.80 1.14 0.93 0.78 1.10 0.97 0.88 1.08 1.00 0.89 1.12 
Days skipped 1.00 0.97 1.02 1.00 0.98 1.02 1.00 1.00 1.01 1.01 1.00 1.03 
Level 2 controls             
Public  0.88 0.58 1.32 0.76 0.58 1.00 0.51 0.27 0.95 0.51 0.27 0.95 
Level 2 predictors             
Sch academic 
troublea 0.50 0.21 1.19 0.48 0.19 1.20 0.39 0.09 1.64 0.37 0.09 1.56 
1
3
1
 
  
 Middle school High School 
 Controls + all predictors + Interactions Controls + all predictors + Interactions 
Independent 
Variables 
OR 95% CI OR 95% CI OR 95%CI OR 95% CI 
Sch 
disconnectednessb 0.72 0.31 1.68 0.77 0.31 1.91 1.57 0.67 3.68 1.60 0.70 3.68 
Inst. Disengagec  0.84 0.64 1.12 0.85 0.63 1.15 0.91 0.71 1.17 0.92 0.71 1.19 
Achieve added 0.94 0.79 1.11 0.96 0.80 1.15 0.77 0.63 0.95 0.77 0.63 0.94 
Truancy added 0.99 0.77 1.26 1.00 0.76 1.30 0.91 0.79 1.04 0.91 0.78 1.05 
Cross-level 
interactions             
Stud disconn*Sch 
disconnectednessa    2.07 1.07 3.99    1.08 0.68 1.72 
Stud acad trouble* 
Sch acad troubleb    0.56 0.33 0.94    1.22 0.71 2.11 
GPA*Achievement 
added    1.24 1.08 1.43    1.05 0.93 1.19 
Days skipped 
*Truancy added    0.98 0.95 1.00    1.00 0.99 1.00 
Note. Level 1 predictors and controls are centered within cluster (group-mean centered). Bold indicates statistically significant 
coefficients of interactions. 
aStudent disconnectedness * school disconnectedness. b Student academic trouble * school academic trouble.  
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Figure 1  
 
Conceptual model 
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Figure 2 
 
Scatterplot of school achievement residuals (Observed-predicted achievement) 
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Figure 3 
 
Scatterplot of school truancy residuals (Observed-predicted truancy) 
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Figure 4  
 
Proportion of students in each school who smoked cigarettes in the past year (1995-1996) 
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Figure 5 
 
Proportion of students in each school who drank alcohol in the past year (1995-1996) 
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Figure 6 
 
Proportion of students in each school who drank heavily in the past year (1995-1996) 
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Figure 7 
 
Proportion of students in each school who used marijuana in the past year (1995-1996) 
 
 
  
  
0 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0 20 40 60 80 100 120 140 
prop_marij 
prop_marij 1
3
1
 
  
Figure 8 
 
The moderating effect of truancy added on the relationship between days skipped and probability of drinking  
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Figure 9 
 
The moderating effect of achievement added on the relationship between GPA and probability of drinking among middle 
school students 
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Figure 10 
 
The moderating effect of school disconnectedness on the relationship between student disconnectedness and probability of 
drinking among middle school students 
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Figure 11 
 
The moderating effect of school academic trouble on the relationship between student academic trouble and probability of 
drinking among middle school students 
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